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lJlJU 

♦* 

** 


4*fł 


i (‘wJaJl 4 jL* 5>J iaJJL* W-J^l Dl jy*5dJl ^LU-z^l ^Aa *—bi? 

3 LbfT j^Jl ^*Ia 4jV Jp S^^JLlaJl 1 *La oIjJL Lł ( Ji? bli 1 jćS j 

oLwuUjI ^w^JI ^b£JI ,aj!jjJI ^Jp ^3*0y* t3 c~*>*yj i 

Jy^J i OoySŚJL ^yjbdl ^JUlH *jjLb ^Jt>-ya ^llS^ yAj AjIjjJI j^JlP 

o^3ji i ijljjJi ^Uj-jUj i Sb^-I ^LS* Lq^|Jji c LSLłj^i J} l^Jj; 

>jJUJIj ^-LJJ pLjcJtf jb bj&^JLb O-^U^ t 


J y>- SjJ^Jl Ul^i ^jA jJU Aj I J J^J lJjl C)\ >-U i i ~vJl j-A 1 J*A Dlf Dj 

^yjb^lj 4 ^*jIjJI Ijla ^Dy>-1 Dl cJjW- UfT -b>D ^JU * 

Japl Dl j<J D]. tjjiy ^Jp jy^*xJI (jl jJi^l Dl JLlo IjL^a 


,<u>- 


Jj^lP jl <U^Aj JJvfl <il — 1 Aj C-^5jJij ^yj <W?U-j — j^SwZJU jfTdlj LCj 

^Allail ^lp <y~o ” ł^USnJI IJwA j^Aj — i^ljjJl ^yL*JJ LjL**iIj_> łjjol? i ig 4^ 

* * 4 f 

.♦^^JLfctdl ^jJl ji3 iaii IJL>-lj L>ys jLll *^LJj 4 A^jUi-l 


i 4~lsj i 4jyO H oL^A>ęJl *JL>j4^J * f-L^apVl ^ya-al^j \j\Xi ya^l j jJsj 

^Ip jil jJI jJiL Ul^5 t DJJ^ JJP yjVl i-DiyLł j<Jj ..SjjJU-j i <U^aP j 
jyUiJlj aa*JI ^ya cytology Łylii-I a^LJI c^ł^I s^Jii-l 

JJP 1—2$jUj Vj **jJI i A>-lj^l ^Jp t a£ Ló t j5' C^iU <L^y. 

oL^lajJI ^Jp SJlSJ-I ^l^-b La JJ DjjJij ^UJbJl I Jb kD**?- t ^jJUs- 

wL^j iiJGl-l łUi-j t mitochondria oljJuilIj toUy^j^j^Jl Ji^ torganelles 
’^' i y**J tOLa^bJlj t^y^ljP^I (Jj - *~*\j*y\ j oU^I oÓA J£j J\Z 

—ll OjjJiJ a-LqJL?Jl iJj i wJ^LU ^jJpj i 5jUiJI jj^ 

(SJ^ 'J* Jej* y, j o^uij oljji; ^ óaĄ U ^Js. OjśyCjj 
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t human molecular biology ŁjJI ŁsJU W JJJI *> vb-l>- Jbu LJp Ij>- 

d ((genome S-JljJI AjajM * J-*JS I-La ry U c*Jl śj 

jJLJ1 ^yui-1 j^ax-) aJp jS^ I 0jJl JgIS^ dl * 4 :; Lll ^J*JI <j OJwilJI 

Ji** »j łLjJI JłdlA-kSI oU?L^Vl jij t (Human genome era 

A^fT Ll LJ^Jai) ó^l Jli*l jh* L*5^ t ^JaJI ^ JJI u* * Uj*bl l jpu *w*i53l j ^j^jJb La 

• ■ i-^Sh Jjjb jjIj * L- (jib < tSj>\J\j ‘ ^JjjjSL-jjj t ^t Jflji*- 

* 

- JajL& łwJaJl “ ^JL-I ^jAjJ JoP jJJ* — JjjjJL U£ “ ^oliJl j^łjJI 

f\>^' Ji ^ łS*^ Ji (t—a*«ljJ-lj ie-ljjJ' (\>^ 

**,^■1 Ł £ AJj jJij t i i iJl_J Vl 

SjJaill ol-b t lUJ 3 lj-stf-c* o^SL-uj joUJI j-^l*JI uV 

< 4**,ljjJl Jt£ Jj Jdj £ ^j^ll Jp JfflJls jJ t ŁjXjjJL| 

i 4^bjAę J^J j-aŁjJI I-Aa J'..JŁlh<r^/ ^jLflJl Ji-I jJj*J L <LjoalJL|j i aJLJIj 

aJLa^j ( 4^1^jJJ 

i L^J^Jl ^Uu jHj^ Jp ^Llpu^I LJ a^)JL aj ^JL1I ^liSj 

LIjL-SJJIj olo Jib i JjiĄji i aLJU oljJUiJ a*AP o jaP ^yl&yi jj-&J 

0- 0 0 

^L>-*Xa Oj& ł-f^" i W** t^>- $JS-\ l)I ^i\ t LjJJj 

: j*iNJvb^ OtH c5*^ «^L^31 ya L^łiajui O Ii-I ^J1 J iJflJl AjSjjJI 

t^jpLc. ^jpAJI fe n l > M ^ ^ >0 

,aJL>- (o^Ll* (jo aj^j Jl^>- * 

• ił jj • 

.oU^j^jjSJl ^ 23 ^ ^yJ- Stjj JS’ • 

•ę*rr' [ <j* ĆJ!r*~j Cr* JTJJ 23 * 

.j>.!j ^ (^>1' OljJ-i Cr* d?j& • 
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fiJliiu 


.(^>-) <wi)l 100-30 Cjy la ę*^oi-1 iSj^ * 
.iJjJI l y Jj*\j iaj^i ^ SjLfr * 


LS ( <u L j«J a ł) j»^LbS»Jł Ai4i.,>tll> (j i ff_ ł 

# 

.Instruction book oUjixUJ Ijl>- ujI^ ^1 • 

# 

■?y*yjj£ y—i O* »^*ś 23 ^ • 

.OLw> iO^ Lo^wLaIhJ 1 JklA ^J H,f3 9 • 

;(olJjjlip OljJb L$1 v2jJ (otj^*?p JjO ^ OjScj AaJUj • 

oLłiS^ {j* ój&£ oUjj^Vlj oLSj*~f Hl * 

"^Hł* ^ • 

' IC) jjj Jrh^ * (G) Ć5 ,, |^* 1 (T) ĆtO ‘ (A) ilęjjl ' ^*jjl (-^ ^j 3J0 **JJI i_5jj>- • 


LjJ^L? ^_L \ g *'a *j up-lj cJL ,&j 


iii 


j^I^JI ^jpM»Jt 2uj I rŃ i A ^Jwo L* 

.S-lpii) ^ 3 ^>- j>- 4 j JI>^j » 

■(OjJ^f) J^sił Oj$ś • 

.S<—oJ\ 1 00 Hi JajM IjLfc ui j^- Sw-O^ jJ • 

Uji _^Vł J£ ^ó : j) • 

J^a <J^Je? jl5*J J>-lj jUwl J i ^-° UjJl IłjI jJu LivPj jj ■ 

.oi oh 



ptfJiu---- - - . -- - —- — -—-—--8 

ęSj-dJ! 

i d -^ 1 990 LJj3 Iju • 

,Dept. Of Energy (DOE) <ilkJLS (l 

.Nat. Institute of Health (NIH} b^aM ^ x$A\ 

,Lj 3 Vj * 

> 

.(2005 4JUo 4 JUj 15 ^ o S«u Ojdj * 

,£d£-U OjJj 3 • 

.oUrt^-1 ^ wjłS^ 60 * 

(_J aJjJ 18 cd>tdl d*£jLi * 

,2000 C-~J1 <J ^Jjl < j£> • 

,2003 (3 <JuaLS0l ^Jaj^ł-I # 

^jpAJt ilj c A I 

JjI yu 0ji) -b-ljJl 0IjiJl frLsJbJl (jltl dii 

: t aJlc- <udll ^ 

,ollsi-l <oLł?jj C jjj i id * 

• ójLfiil j^lai3l (3 ^jjh * 

.Biotechnology oldłJI ^jJLp j Sjji JJ * 

-Bioinformatics iJUjJUil ^J • 

,,,L*i>-1 j t ^djJiJlj 4^aj^1xS1j i j £jjp ■ 

*i.5^jjVl i iA-lall t ^jA A^JaJl ^jJjJI (j ajjJ • 
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jCyinj 


wJaJlj v^' j “JJ' • 

^^ i ^Soi 01 /f ajU? i yijjJi (Up i—ijjj -js’ ^juji ii jć. ou i js 1 j>.i ^ 

^jA Jjlo OO^i^l ol^UU ^1* U i k*ajj i t\£\ ę-^4- > - j 0*1/1511 ój/T U»j>j 

..iJlj^l jj* j-aiŁ 0 *j jl 

i_ji5j ^Iś 

* * l 

t ^^*11 Uli* ,j \~o j~a^j < óJUJl j*Jl*Jl <j Uli j»JaH iJtA Ji-a-gj jujlUJI ^UuVJ 
J ^ *J j-Jj ( ^ t£' j '-i* -U-jj 

c 

JlJjj £ 3^ ^jJJb 3 i_ rS l aj i oLIS" 

# 

i 1 Jl>* 0*X*_UitJ t *>,_., 1.1^11 Jftjlp JA^Li jl ZuJ*J\ Jl j^jl 

JwLj ^jJI *—>Vl wLwjj i aU-^j i łLw £jA UjJj jJ jd-jJl I jj& ^>-J 1l^>-t cJbj 

ljll l^J OjaJjJ i 41; V u^I J5" U (3 >h 4 41 o^jj 4jLióV aJ^>- 

* * * 

lajljj 4 JLsj£ Lo J5 *U3 Jjj i 4JU <jJa5 4 jI wllSLll 

3 <J3 U?*^ cf^° j*-Lc-l ^ Jj££-\j i, Ll^S' ijrC^ ( jpfl I CJiS" JLfiJ 

L*iS 3 H ^ Ł rd 3 < 3 ^*^ 4JU L* Jjii 4i^ <_jL£ j£ Jj t wiUS3l lija 3 ^ 4jIi£ 
U Jji o\ i i J^3JM ,3 ^ulji U 3' J U^>t OJL^j i l£j jaj *U5 OJl^lj < ^j^ł> ^bVl LJ? U' 

i <U5 *AjJj O 1 ! La-AjP 3t *ifj £ aJLJ óJCs- C™^ 1 Lii? tw*l5ó 4jj t ^ll oLw? ^ya jJ> Lj 

., Ssswb-U- Oty^ 3 £ 3 14ju 

Jj3 -wi b\ oi^j £_łl^SZJli OJL^-I jl ł_kUL? 

■ ..L^jl l '-^^ l) jAi ^y* | j- łi ^iMilJ 1 i ^7^^- Jh^ i 3i 

J! jW^ 1 ę*vVi J j-flj (j-Jj 

..£^<3^ i *4?^ fjJ^Ji 3 i —^usśm ji 


■ Uli> 




^_»u\ 






ł 



ŁJsśJf 


^ jj&j t S£L->* 3jjj oli t (J j b^ił-1 -W 


. SjJL?c^> 


£ <C— 3/5 3 ^G Jj*^ £tl Łu*i U^Ail Ol 

ł( ^j^-1 <u>- <ui>* ^JS' LJLUj £ olił^>- oIaą^iJ 





cuii^scJI i j.i ..A li :J^ill ijLJI 
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1 jj4 ^ *^>-Vl ę«Jl£- t — 

>j^- jw> iwiJa^Jl oU^IaII :Prokaryotic Celis ol>JI AJIju UlbJI (A 

.310 ji j Genome 



Prokaryotic Cel! 










15 — - - AaJjłJI 

oly *j^r' p)aV*i :Eukaryotic Cells ót>JI <bJśuń=r UlbJt {B 

jpj ędaz- ^.34:," o li t ńljJI ^J>-h £-£j a-^L* 

lJ *3*31 ^jA ^tJS* aIpL-jjp L^JLo L<vJ> 

J&r' ^ ćjĄ jJ\ i iJt J-\ o^UliJI *--1*1 ^ J1 j->IJ-I cJjJl 


Chromatin inner Outer membranę Nudear 



3-10 (im 










PjljtjJJ CLuJjjJl I1J53JI uUI 
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ol^J! djdjW LiUJI 

S*jLftVl IJlŁw lalki IfiLij J eljjj jj-A (j^ l — 

.(Organelles) oLjajJl ŁAś-IjJI oliyJI Jii 



Plasma membranę 

Colgi apparatus 
Mudeolus 


Nueleus 


Lysosome 


Ribosomes 

Endoplasmic 

retiailum 


Centriole Peroxisome 


: jj: oL.Ja»!l 

.aJUsjJl! i*sll o^U-lidl I4J : mitochondria oljJ-Łdl • 

*L~L- y> kjjtu : Endopłasmic reticulum iJsLM <J • 

. JlJ 1 wjLw j^JS I 

. JiOl i_śJUśj je. jaj : ^rji- j4>- • 

jłJ arf- jl J^JLJ j-e- {jr Aj : Peroxisomes (oL-^Sjj-Ji) • 

,j|jil jA»j 
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lgjLi$S_os ąJbJI ; J 3 JI i i> Jl 


I4 -J jłIjj : Lysosomes (ol/j-Ut) Jj-lĄ 

.jjJli-l »L..5:y.l j tjjj v_jJ: JJŁJj ^4 <_ajtjj : Centrioles 

L^s ' Ribosomes oL-LJI 


ołjjJt 

(JlioL JŁA«J jJjJ U^-lUw LgjjJbu Ujljjjjl oUj}-L*il ^ 5^~3 

jJŚ j iUJUl iSL^Jij Nucleolus aj jjl Ul Cytoplasm ^JU SIjil 

.Slj^iSl, UUjs ajjjIj j^Up jrjjjj - lU oIjUaII 




Chromatin inner Outer membranę Nudear 


Nudeolus 


Pfasma membranę 

Gotgi apparatus 
Nudeołus 
MitCh 


Nudeus 


Lysosome 


Ribosomei 

: 


Centrtole Peroxteome Cytoskeleton 


— 3' 10 nm 


Łj.UJI e UU 

_ _ r\ JjSLj i tlllj (^£j>-Vi JjJl jJj!^ 1 jl Ja^j^Jl Jju 

^xU i ^3bJLj .*111 <j SJLli UjIS 4*lsLl £ Jjs-U ^U*^5Jl 

JCsU-' VI oUjjil j»l *11,1 J 1 ^ JUl Ł 

obj> ^jA cjiJjllj *UJJ ^jUll ^Jbai! 4>a-$a &JJbj 









jjŁ W ,J5wj L5^ a,Xk ' **J~* '^■* 4 ' ta ^ 

.A^a j£\ j\ ajj^A ^JLC' SJbJLC- oUj^ *UUJl i£j^ /***■> 



Cytoptasm 


Extracdlułar space 


Signats 


Reactfon 


PhosphoUpłd 

bilayer 


Transport 


: *UJJI ŁiłU^jj^ jJJ gJs~ y~s 

ł Wt^ii Cf* JUil <J JuiJ i _ 5 Ji <3UJVl • 

oL' c?'^ ^JUlI 1 jvjjhJI * 
.oljLiVl Jjłś <J JUaJ o^UŁl*11 * 

<f 

aJL^UJI JbC-LvO ^J1 4^ cj \^ * 


iuUJi* iui> 4 *ji a^uji 

.iliLwdl oUL^jl ^ L-^i 

^yalU jjhs*2^łJ1 oL*jLs^ ^JU- L*L*1 <jLJI 4-JjLl 

iJji\ j^JUL**JI Cy° Ljjl ^1 t 

ojj^l Sjjli-1 oL£^llj jjlj-iJlj *Lll ujj£ olj^j i£jś- Ł 

. oVw2_*Jl ^a-JUJ 






















bJ i t 

** 






•ćw*—°jj^b ćs^ju-^b ^bo^ 1 

£Ł*izłlj ojL £ja i^JLsJ (aJLSM Jjj %70 JJ!) *Ul 

.olśnił Li ^ 


CjlJib*- jl *UJ Uoaj IfryaAj jUVl oljj ^Jg. w 

oli^ Oli SJJL*^ 


Carbohydrates (cib^liu) ołjJtyŁ^i^S 

jLU^/l ^3^ cs^ oUj^M <Lc^ AP Ja^- IjJISwjI -bJj 

.^^>-1 3J aJ^- ^jA oL^jJlaII LfJ j .UjJil^ UjJJ 

jl ol^Jj^JI ^ Jaj J> U LJlp 


: Js L^jijLIsi j ^Jc^s. J ^Lp J£JLj 

VD aSUJI dj >*j • 

XytjjJI ols j^JLaII j^JO ^jJ^j UjJI (j * 

♦(Receptora o 3 Uii~I 1 a^U*j) U!&U j-ł>- J ^l4*-Vt ■ 




; J 5 III w/UJt 
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Monosaccharides (A 

J?-j KGt0f16S *JLt\j jAjM jl Juo-Jjj ^5*l5L*Jl ^jC-Juj 

Xjj***£Lk jl J^j) Otji /6/ j\ /5/ 

j\ Mannose j^jLII t^- '—*>-j 

,Gafactose 


b CH 2 OH 


TH 2 QH 


H^i 

c /h 

%?: 

ho \r 


OH 

l' 1 
r H 

OH 


H 

J3-0-Gli!COse 


77 
uy 


łi 

OH 


-\i 


Ci 


HO OH 

H OH 
a-D-Giucose 


Stereoisomers 


H 

HO ć-O H 

'4,oh\ 

K_3'i 

H V | OH 
OH H 
L-Glucose 



CH>OH 



H H 

Mannose 

Isomersofglucose 



OH 
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<V^asJI oLS jjoJI IiJyUJI t-jJaJI 


Disaccharides —-U (B 



H 

Glucose T Fruttose 
tit^łycwshttc bond 


Stic rosę {Glut mc'« I, 2-f rut łase) 



i { ^f a jSwJl 

^ UwłJj5-V o jl -u^jJVi j^o 
^ISwJI C?*^ 

LM jSL-) jj^sUl SJU31 



UoJLt Ji^U^;Uwl OiljLAA 
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: J$iJI wUl 


Derivatives of Sugars ^ULwJt oUmm (C 




D. Polysaccharides 


ol~b J-c- j jjfcLiJ U jiiTłj i lSj^^ 

.jŚlSLJI 

J&£ V ^Jl 4-jljjjl {j* XJjJl 

— > ajJbdl ^ISLJł oIjujlp 
jS^ISLJI olJbJL^ «4 jj0 : oIaJłjS/ 1 t^Li- 
frljjtj Mucopolysaccharidosis SJ?UJil 
.(Mucolipidosis JLtUłil 



<=UbbosJI jSHuJI oIJltJU: u^jLćld JŁn-bi 
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oLSjdtJ! :u^LJI OjoJI 


(jjjjpSJ) wl jJl^a w^lJaT^w^ iujtj^JI CjLIj lr\ i^VI (j-c. ili-o) 

jjJl ^jSLJl frUJl. 



Lipids mi H 

olS^>- £J^UaJj Lr *L*Vl oU^£11 tjfS 0&J>- ^jAJ 

-i^- ^1 iŚL^^/L ,L^UŁ-I SjLiJi/l o^śhfTj o 1-LjjjjL^J IS~ 

.Phospholipids bjjA~J Glycolipids 4 jjSL* 

aLJJ Łs> j\Śj Hydrophilic *LU <«£ jlaLi* U)1 jŁ»Ij ulkłu«Vl ja 

,L^jU jJb* i-—La l$i*£ l* Hydrophobic 









AjljłgJJ :dsill ljUI-24 


Phosphoiipid Trtglyceride Steroid 



Pftosphatrdylcholme 

Lipid 

O i JwU j-J»S I 

oUJLgjJl 3 

, lijjw UjJI ^_ SJ> 3 ^j£* SjLc- J 

ł j»^j£JJ ^^3-1 ^.:.,/ł"JI ,3 L^jU^we j 

.Coenzymes ^ y j Ji-oSj 

IwJ^U?^ jl ^jA 

' 3 J\ś~j\j oli^ASl 







Oi t(./iql l uL5_jjoJ! ibfOljJI wfuJI 
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.Pentose ^L-U f. _U ^ś^ll 


O 

H 

"O—P—Q—CHj 

i- ' 


Mooophospłiate 


O O 
II 

-P-O-P-O-CH2 

I I i 

O O' 


Diphosphate 


OOO 
II II II 

-0-p-0-P-0“P-0“CH 2 

I. L 1 . i 

0 0 0 Triphosphate 

A. Phosphategroups 



^O-Ribose 



HO f> 

*\h 


OH 

\t 
H C 

,/l 


l\< 

HC—CH 
I 1 
HO H 


/ ft-o-Deojcy- 
ribose 



8. Sugar residues (pentose) 











a 5I*U 4*1^1 u*-All wWI 
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j ^ ■ ■■ 11 (B 

1>“ j' J) j,W^' U* ‘- J '‘Vj^,*^' <j 

.(LUJ! j) 


jjJJu_gJjjul! 4JJhjJ^._i.LS' jjii ii>V) (C 

(U) J^ljjsJłj (T) irflillj (C) jdju%UI 



Cytosime (C) Thymtne (T) 

C Nucleotide bas es of pyrimidine 



I 

H 


U radl (U) 


A 



T 


Pyiimklme 




: JaJis 0UJ1 U-*j 


(G) ćryljiJb (A) Cy^\ 


0 Guarmie{G) 
U 

M C v \ 

* II 


'W 

\ 


H 


nh 2 

I 11 C-H 

hiS^W* 

* H 


Adenme (A) 


Purine 

b 7 



D. Nudeotide bases of purine 
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oL5 jjJ\ idAJI 


1L1) Jgj^j 1 

—^Vl JJ^U lS aJJ wiUiaj (S^yJ? tir* 

; i^lJJ Ju ^Jói>- j 

Cw**-^V i ódjyi j ' j' óij.^^' 
^V' óijr'y- j' ^^'y- 

iaiś Jd-bjjJ 



j' oujtf) l 5"Vjc^ ^ ^r° j*W tir 5 

.oLLwji ^1 <sL>VU 

^jI^.hą.J- 1 Suto units olJ^-j Ib-U Li^j^ 
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AJ jjjJI ^yć> 3-c->J I 

* 

ss ^ ~ A ij 1 ‘ ! '^A-- t w > l^ < ^3j& ,? *— i—J1 1 Iffl w biwLlf' 1 J 

^la»* J^uJLmIj i^JJjj a^L JAJ 5 ,j^j^>j'l Sjj fLA OJj-i£j-dU 3 3 j 3 jj-j jjlj 

: ^bJ! j£jjl ( _ s le-ATCG Jl j™* dlJi Vó>j .3 Jj'5 jJI «Ui Jaju 

(G) jwlji- ((C) s (T) ‘ (A) j^;- 5 ' 




ćL$JobJI oLSjjsJI iijOLJI 1 


29 

ijJhLoJjjwJI jl ■ ‘ *“ •“! * A A 1 *" 1 11 4;(d)j jJł ł j-4 VI jjLf. ft.lTi. ą I 

.JjJI j^Ło/ł- ia jŚj jjrfjiJI #b • 
.Lesch-Nyhan • 

.Adenosine Deaminase I ie-jlJ jjp • 




ulgju-ijjuuJ CLojUiO 





















: J$iJI w Uli 
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•r 

wr-ę-w 


Kr 


***%v 


V. 

■ ł *I> 


-V,. 


•y 


% 



4 ^Vl 

oLł>-jJ^ 

- ^<££/■ <Jjo^ 

-COOH NH2 

ŁuljJI Uwij)! U 

■ ^-^ ł -. J S^jCv8 4^0 ^^ v1A j^ vw . j 

.(>V 


COO" 

COO" 

COO" 

COO" 

+ 1 

COO” 

* 1 

H 3 N“C“H 

+ j 

H 3 N “C-H 

+ 1 1 

H 3 Ń—c-h 

H 3 N—C-H 

HiN-C-H 

H 

CHj 

ch-ch 3 

ę H 2 

CH—CH 2 

1 1 



CHj 

CH —CHj 

ch 3 

ch 3 ch 3 

Glycine 

Cly(C) 

Alaninę 

Ala (A) 

Valine 

Val (V) 

Legcine 

Leu(L) 

Isoleuclne 

Ile (1) 


COCT 

COO" 

COO" 

# i 

COO" 

+ 1 

COO” 

+ 1 

H 3 N-C-H 

H 3 ń-c- ft 

H 3 N“C-H 

H 3 N—C—H 

H *Ó 

± 

o 

i r 

1 % 

Jć> H 

ch 2 

I 

SH 

¥‘ 

ch 2 

\ 

5 

Proline 

Pro (P) 

PłienylalafUne 

Phe(f) 

O 

Tryptophan 

Trp (W| 

Cystelne 

Cys(C) 

1 

ch 3 

Metftlonfne 
Met {M) 


A. N tu trał amino aclds, nonpolar slde chalns 
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oLSjjcJI :i_svUI I 


JlSŚJJI ^ *UwsS/l i jć>j r *-£~\ ijM 4 J LJL 1 J I iS^Ji 

•^i—■V' l o4^' 


000' 

C00~ 

COO“ 

coo~ 

coo~ 

+ 

* 1 

+ 1 

+ 

♦ \ 

HbN-C-H 

H3N-OH 

H3N-0-H 

H3N-C-H 

H3N—C~H 

oh 2 oh 

CHOH 

|h, 

T 2 

<h 


CH, 



CHj 



9 

H;N 0 

h 2 n" C ^o 

Serine 

Threonfne 

OH 

Tyrosine 

Asparagine 

Glutaminę 

Ser(S) 

Ttir(T) 

Tyr(Y) 

Asn(N) 

Cln (Q) 


B. Neutral amino acrds, polarside chains 


V j\ iia^Mwa ^lj j\ 4_> jJi) a}Xjka j\ wiwlJ 

.iJaiU** 

.JaJłŚ 4 j^C ( J^Ł<bJ"l 


COO“ 1. Basic (positively charged) 

2 . Add (negatively charged) 

h 3 n-c-h 

COO" 

* 1 

COO' 

+ j 

COO' 

i 

COO' 

<h 

h 3 n-c-h 

I 

H3N-C-H 

H 3 N“ c-h 

+ ] 

H3N-C-H 

l Hi 

CHj 

1 

t 

Ih 2 

CHj 

CH? 

f* 

COO" 

CH, 

Ńh 

I 

<r H * . 

H-* 

H 


COCT 

c %. * 

CHj— NH3 



H ^in^(R, 

Łysinę 

Lys{K) 

Histidine 

His(H) 

Aspartit add 
Asp(D) 

Glutamic add 
GIu(E) 


Ł Charged amino adds 



















; J3UI uLJl 
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A . ^V1 ^jA J o ^ M i^jjjJt tf" m>y \ lULIj tn irf> Yt ,j-C 4-tLdł 

t sjrOj^JW Jjry^/r J-^aJW 1 ^*vj^»Jl : iJbJl 

■ou ^ 1 


4 ,JUap^J^J1 i jjJLdJl ' a1vw >L *J 1 A^jAiil 

L>1 j£-\ —; U J-haU j Uj-S^ ji S-iLj <_£-^ 


* 

.iJli-l 3 ’i4JU4> ^j^AJaJl jj UU^- J3 -J£jj 

♦aJI^SIS' o^WLiJt Sj>IJLj jjUj>ł^ 

.ji?! ji -bjj 

jt 

. J^Lsd^j 3j-Jc^aJl oL*JjjjJł 


3i^ 3 j * ^Ljli j jjj j 


^bjJj aJlUiaJI L^i*l 3*^ Cj^ (3*^^ 3 jjP ^ ~ p^ ^yJL/? , ^ 

f-^' u*- Vj}~~* ^j*j 


X" 

J 



^UśułJiji jiL^ 3 


i-iijlt J \J*>A LfJ J 

^jpajJl ^ jVlj 
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oLSjjdJI :*_S\jLJ1 ''''iYi II 


.wUUjJI C^yUiil LfrjlL^i J 4*) iiL^ża-Rj J^j-l ^-iŻŁuT 

-kjlj) ^jr^o*y*1 ipj-*-^ ^~*Vi Jaj y 

* 

.OlJb^L*Jl oljbJLP iJLJLj ISLlJj \jui OlJ_J_wJl ^ya Ju Jw*Jl JaJ^j LoJUjC- 



Amino acid t 


H O 

_j_j , \ 

<g> 0 


Amino ac id 2 


H 

* I 
H^N—C—[Ć 
Ii 


Peptkie bond 

. H O 

Mn-M 
Je V 


form a pepttde 


(+ HjG) 


H 

I 


H 

I 


H 

I 


H 

I 


[h^N^C—C^N—C—C—N—C—C—N—C—C—M—C— C 

— 1 l, Ł U i i 3 i b f r s V 

Am™end(NH2) R H IT H R 3 “ " “ “ 5 


H R 


Peptide composed of flwe amino aods (pentapeptide) 


H R 


Carboocy 

ercd 

(COOM* 





















u^łjuAII :J$iJI uUI- 
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ojjtj Oy^ Cr^r Vj U oUi JJ **jVi *—jLł^I ^>>1 

- A~*3 4 *^ *)} \ 1 

^ jj jj^ 1 4 Xvw1a«0 jpAI J\JjjiJj ^jj *■ I'.^jl3l Ó^ Iji^NA^Jl 

,j^\j 

,4Jjs jS\ ^J^is Obj> ^0 ^4 j —łVl (jls oLjj^Jl JUJjJI 3 La£j 


1 

MM® f~^\ 

24 25 


no 

rvlij ^gr 

Met 

Ala Phe 

Removal 

— \Jr COCT 
Asn 

Leader 

seguence 

Preproinsufin 

i 

af leader 
seguence 
t 



1 

30 31 

65 66 

86 


Phe 

Leu Glu 

Arg Cly 

Asn 

Proinsulin 

i 

Connecting 

peptide 

removed 

r i 

t 


1 

30 

1 

21 


© — © anc * O - ~ 0 


Phe 

Leu 

Gfy 

Asn 

Insulin 

B charn 

A chain 

1 ? 

- s 


Chainsjoined 
y^ by disufftde 

bonds 

f 21 


1 f I 30 

NHf -FVNQHLCGSHLVEAIYLVCGERGFFYTPKT-COO® 


Insulin sequence 

B. Primary structure of a protein 
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oU$jwoJi lysotJi camJi 


> j&*\j}\ ^y —Ii jUsJ ^^kxJ j^-C j\ olJui^Ji aJLłJU- aJ——J 1 cU-^ 


jltllH l t^SjJI 



C- Secondary struci: u rai unfts, 
the ot hellx and the p sheet 



D. Tertiary structure of insulin 






cUl tJ\ 




4-ul jjJI u->Lo^l t ofl J^L>* LłjJI 


i-.l 



cjl£j jliyi-1 I—JjWiw j*U 

: L^ljUj 

S oljjisILj ijr^ 

■W> Ji 

^il ^1 R 4J'iLJL l^wib- f- 1 

^ ^JJ^n.ll jłJIj^-Ij La*U£- 

<l ^M jJ s iJ^iLJi 

S R ^y* ir**~ 

4jjjj o1ij^5Lo l^O J sjliy*M C*jLo ^JLIśjJJ 

,S ^jA k*>- 


• $ jJJ cJj^- iii R ^y* ^5lyi-l (jl ^t-ii?lySl ^y* 








: Jsili w Ul 
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A. The obser vati on of Grłffith 


0 

IjjJI jjh J1 ijuwo 

* * 

^jL-y AP i aJjtt Ijn urt U^l^l *J S /*-j1 J^\ jrj^J 

.^^tSDdl CjIUjJPj p^Jlllj f 

Ji R ay^J\ ^ IjflLl JU ij^U Jlj U ^1 JJUJI Ua Dl oUJ f 


i. 



SstMłnintuftwp 



Lysh, prettpitJtkm 



CpO-W^rtriCt 




Cdł-free 

£*tr*ct 


Ocćurr«x«o(i tew S «IH 
in tł>e cuhure (tt jcnfot nutttwi) 




Trjnsfcmłjfcon of an 
ft ceH nto an S tefi 






SsJljyll Jj&1> ŁjjJi ICJLJI I—OłJI 
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i£jć± <0! y?jj\ j aJL?-j jJk dlii yP J Q\ j_ytj V CjLIjJ j 

y* UjJl *LŁj *ly>- j—i U lipj * aJI jj oUji*^ 

?f 

.iJjU J*\j dji U^L, yLl 

y> (S gene) iliiil yp ^Jp ^k 5 jy*w 

.iJbJI <3 ^ y* ya_*j l $latfibJ aJJaaII 

*S 4-JL>- R Ui-I JyJ>Łj UjJ! S ydLt Jl>--Ui -L*JJ 


i. 



$ tUJ rn in culture 


*V 




Lyih, pKdfłttatiwi 



Oil-free «xt/-Kt 





Oc curf ence of a fiew S £ell4 
in tfte culture {tr ansforniatkrn) 



S tell «f*vtroy*<f, 

DNA fragment t remam ml act 




1 ra nsf tnma 1 1 o n of a n 
Kcell imoan Stell 


H. The trans forming principia łs DNA 











cJljijU ilI uLJI 
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irt >» IjjJt ^jJa ,j-c. <LjI j^Jł ."«l »j I « j II Jii 

f U 5 ” (Bacteriophages) j*JI^ 4-1 oUJU Cryj^' <+~>j f 

, j^jL^ł jjJIj UjJI 

JJJŁm'JJ& 3 L Aa ^li S^lil ol OIaJLJI Jul ^jA L&jjlp 

J^-~u i *^^3 c£l * 0 . U 0 ^ 3 \ ^Jj.1 

IjjJl 01 oLSJ Jl a*# *u!A 0 oIaJL Jij 

i* 

iUL? a oUJIj J-SLuJ ioljjJI oUj^JLvU (j-ć- \JS JjJ^J^ jJk a J^j 

♦ Igizll^JC 


PhweONA 

^pŁbefcd 

t SsWd 

■* ( 


^Hrematnsoutsfcte 



Phage Or^^(D^ente^thebaclefiakefi 

C Cenctic information b transferred by OMA only 




foimilKW ot iHwptag^ 



^"l\j < LjJ) 

(wijUp^Jl jc^J jjiaJ jJLsdl 0_^ 

i a^JIjjJI oUjJLaII ^ SjUp 

oluA-l £jb i A^SjJ cjj*fc£ 

* f 

Jjji> |j_ł^o 4 -cJji-1 aljj Jj-b oLJlwłII 

' V1 ^ i£33^ ^ ^ .3^ j 0-^XwJ i 

.UjcJI 
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ŚJj^Jl oU^IsłoJ] JjoU> LijJI :CJUI uaJI 


j^^j) i (jlpIjS jO jj-fl <u>-Ujl ^ja UjJI JSLuj 

,jIjuV 1 4-o*>*u <K*Sy ( j*w? lUJ^j t oU^ji j i (ery *— 

ijJu^ Jj ł ii mVl 


: i£jj^\ *J~\ \y J^y J -UUJ O - * 


H 


Adenine (A) 


NH 2 

6 1 , 7 

'N^ ''C" N x vS 

, I It CH 

*S.-S'i{. 

> 'h 


h 2 n 


Gnani ne (G) 


O 

i 6 r s 7 
HN'" ''Ć" N x \8 
,f II CH 

■S%i-S-i(. 

3 H 



T* 

CH 

>1 (I 

o^ c "Nr^ 

t 

Oradl (U) H 


O^ 


Cytoslne (O 



A. Nudeotitte bases 


.UjJlj LjjJl 

(A) ^Vt ^ jjjyJl 

.(G) ijuljillj 

(T) ctę^i cy-Mj^ ] o—' u ' 

. j (c> 

j\xli—It —J Ijj—II (j I—sl 

• (U) 

jjip 4 jI^i>-I j Ijjjl jf- UjJl 

ć 

ćJJJSj i ey^uS^j \ 
-Cfr£liJI u- 4 












(_>*juuo\)! idgill wLJI 
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5j jlu^LS 3JLi>t mJI 

Polymer IJjUI j^x*u 

, V \ jy^> 4 jJloj*JS 

JpUJjL aJ—J i—«j l 

nA>-l ^SL«J 4jUv^^jJUjJll A£-jhA^ 

AjjLiMJjJlU OlJ-J 

<• j>*\ j5L*Jb 4jaJ^il 

* 

Ia^O ^ jlg . AjyHk#sib*Af 

• j^Ł> 


p UjJI ^ja culiJl iJu&j 

.' 3 J\'SU% i ^Jcu * Oy^ 


Cylcftine Guamne 



Thymine 

H*C 


H^, 


Adeninę 


£d£OA 


H 



** 9 A 


r 

\ 






\\ 

0 


'*-‘lV H 


Two hydmgen bonds 

C. Spaiiat relationship 


W 


% 


5^i>jł aiiutł 

LaJh oiuj^Jl Jutij UwLa* Jj^J 

vLUij AjwL_c^J! ł j^L^Vt ^*5 
Jav^ .Double Helix ._ic^L^ail 

j^jłi Jaj| jj 

UJb C?y->Vl ia-J^ \llij£j 

.(jA^JjJ^jJl aJL> Jajl Jj? 

iLelSśl^ ^Ijjl j £Jb ] j r ^j V l (jl -bi 

.Uli A-T jlC-G 
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D, Double strand of DNA 


- - óJljjJI olo^WJI JjoI> UjJI :CJUI ujłII 

< t 4.C 1 ^ 4 tjjJI 

# JS 

..UfrUiajs Ua*i- U-Ol 
jl jJ- <J -\jjiJI 4£>UJJ 

if 

3 L*jI.i Jj*iM JaJi-l (J 
0JJj5j JsJM 3 Oyl >*JI 

jryjVl 3^^ 3 O^UJl 

^ ^*yw'V‘ 3 mLmJ [jl 

•j^Vl iaJi-l 3 UJ—U~ll iwu jjfe ^/Jsuil 

^5*1 ^JLP-LaJl 3*^^ 

.UjJI 3 óljJJ 



Li jJI 4^5 ^3 

jij Jj^%jlj ^oULWl i]jjl 
0^^> 01 UjJI 01 1953 ^l*JI 3 OJLjj^ 

?ujj ois^ t i^i^UiŁd Ojjj^ 3^ 

* 

ajIjjJI jjiaxl i>Lu UjJI iw *£j 3^ p 

o> 4 ^ 1 _ ^j j-Uzeb 4 ijjJ-i 

'lTÓ^ ,Jjf~S\ ^Js~ 
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<UL*U :J S i)l w Ul 



A. DAM double hefix 



i if I i A o LłjJI 

olJj' L4iL iki-^ L>ijJ jf«a11 ^ 

* 

t j>-Ij (3 >j Ułw U.g.O?,*^ 

^ ^ijjl £-£> 

JLpI jiJl ^1 jj<up |jjó 1 lIjLj 

U^l-L>-I JaSŁj ^c*JLJI OU ^-UpUaL! OjjJU-1 

,uu ,5 >Vi 


Replication jUwVI 

J<Wjj4 O O IwLo j^_-lS" JrtJ 1 (j^ 

jl t jSU t Uli l? 

(JJOt; J^l ^ Template)) uU j\ 

UjULG- 3 JuJj>* 4 UJU 1 (^Uwl 

LLp- jl ilłsUi 1 ,. 5JUc- IjjJl ^UcjI 01 

* 

. zJs LaS* Aui) Jasli^ ^»-ij <łJL5LiJ iłlwi 


? r.' 
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oLo$1sjoJI JjoL> LjJI iCJUl \-jJfcjJ 


(Renaturation) (Denaturation) JL-aJuVt 

i Ujw> IłIjj <ju ^}jj Cr" 

Ijiaj ols>-jJ (j 4 jLj iai^Ą IjjJI ó^i tii3i £*_J 

,Jjkli X-Li 



Heat. NaOH 


Denaturation 
(single strand) 



Renaturation 


C Denaturation and renaturation 



J 















(dlj^JU 4w>aJI \ j ■' —A JI IiJjill i-i UJ I 
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\j?r\ » » v* » w.» 

■V' v\ V** vV -t 1 *. v^. w W 

Ekmble^heiicaJ 
DNA 


IVnatnralmti 


ii 3 


Anrn?*aJmg 


<€%/% 


\\\\\'^' 

Partial!v denaturat! 

DNA y 




Sepamticm 
af a t rura! I* 


n Assndation nf 

strmiiis by lł3H 

pntNng 

C\ O Cirv C ’ 

1 K~ *1 

I pf A"- \ V"!K 

; «c c ? 


Separatdd Brands 
of DNA m randum «ńls 


: iJJc^-iU J-4J jfcSlL 




jryshdt grdaJM 
* 

L***v 4 -o L- ^ - : ^ 

jl oUjJuJO 

yd\ ^^iaJł-1 jU JbjpnjJł IjJLU 

U ii P l n/3 Ą3 LłpdSuJ ^Aj 

Xf\z}^\ jjp) 

jjL*vsćiLi oi 

jf 

A^jjiaJ L^L*|| uiJLli .Ifryfrjo ^0 A^dlJ 

: j=r^ '-^ ^ 

L-J.I 'imJj.jAA J^JpAA l lJ rt - * ** ■* 'l w—>1U U—|^>_C 

■ui jJLJl j3-Vl Jaj - ^ -1 ^~£ ól 1 _--S”jSJl jl 

.(Hybridization 

UjlU ^JaJLU aJLa aJLo^ Jju ji 









^jJijtS-li oL^iacJI Jj>L> LjJI :CJLJI OmJI 


47. 


codon oUfWi 

I - ^“1 

^Ijjl jj Łoi j^JI oU_jLJtl £-i : 

n ŁJ|_ -ŁAJj-KjJI 

j\ (rhJ' ilr* ^J>i'Sequence) ) *J—LJI i-i jt*j'j 

1 codon - l amino acid y. Xj yj\ yj ^J| ŁJ&J1 l^L 

.(Codon) śj*l 

a-L'-Ls- )__* I <U—i—a 4^31—ll ^al^pl 4.L—l**i Oj^ 

.Gene product ^ oi-U*JI 


3' 


-C-G - 

-c-e— - 
ł g-c * 


-G 

C-G- 

- A“T 

T-A- 

A “G 
-C-G - 
VrG-C 
'" rC-G 


"Ć 


DNA mRNA 


template 

Codon 

Protein 

' -T-A- 
— A-U — 

1 

Meth- 

ionine 

— C-G — 



-C-G- 

-C-G— 

2 

Clycine 

— G-C—j 



-A-U— * 
-G-C— 

3 

5erine 

— G-C—| 
-T-A- 


Iso- 

ieucine 

-A-U- 

-G-C- 

4 

— C-G—t- 



-C-G — 
— G-C — 

5 

Oycine 

_ C-G — ^ 

— G-C — 

— C-G— 

— G-C— 

T_ A 

6 

Alaninę 

7 

Alaninę 

— 1 -A — 

-T-A- 

-C-G -j 
-G-C- 

8 

Serine 


% 

G-C- 
-C-G 
VA-T; 

X 

5 ł 

V ^3‘ Transcription 

D. Transmission of genetic Information 


u 

3 

ęr 

% 

i/i 

u 

* 

O 

c 

I 


Translation 
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Jb-I js> oUjJUJJ (Transcription JJL* ^j\ jlp! jź}\ jj\ il — L- 

.(Messenger RNA) UjJb oUjJuuJU j>-1 U-01 .^Ił^ 





ATGCTAGGC 
U A C G A U 

^ybMi« c 

«RNA m 



DNA 


# ł li ł lf 1 RNA Antsensettampłals$ 



< Transcription > 


1 j*£ jJI UjJI 3 aj 

.(Translation) jd\ iJu^ ^ sJułj y*\jJ 1 Uit^ 



TranditkM 
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ćLuł^jJ! oLoqJUł*JI Jj&b* LijJI :CJUI OofcJf 


-b-U^ w**!? y UjJI jja <uJaj *0b ^jryi-l 0^"£ 


Cjyjji ^jS^pJ oIu>- i-U^ ji j 



DNA RepHcatton UjJ) ^Lou^l 

5 )j-U) *Ljt ju LiUJI ^ £ Loli VI 

j L^j t 5 U>-ij IhZ j L^SJl ^yw? j JSLiJl Ł yłL>- UjJ! Iju 

, Ju^N-wó^ boji W_ 



DNA 

doubfe heli* 


New 

DNA 


1 . ONA replication In the 
bacterial chromosome 

A, Prokaryotic replkatłon begins at one słte 



2. Prokaryotk repUcation irt an 
autoradiogram in L coli (J. Caims) 
















<C\j$U <j-lLjuAJ| yUI. 
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Sl*JI ŁJLJl^ biL>JI £ ęU^I 

SwL>-ij 3 ix jij ,{s <lU-jIO {ja aLs -ja 3 ę&ij 

& ^ 0 * * 

j^J ilyJiX^A ^jS^Ul 3 i-U> ol c I Jl>- 'hjb ^aj o 

*UjJi jqOj Lj? ^ Vi ^sijli oy^W^ 3 


DNA 

double 


DMHMMH^HHP 


2. Extension 
of replieons 



New j 

DNA -—<f 

stfjnd —--— 





3. Reptication completed 

B. Eukaryotk repNcation begJns at severaf sites 



4. Eukaryotrc repNcation in the 
EM (O, 5 - Hogness) 


OOsOO. 
0 &CK> ■* * 


Semi-conservative 

Repticatian 


Qkm* i 
frtgmem 



3J '5 (3 JjJjLI l3jdl mJuai 

Ol -UJ^ JUyJSjJ ^ ii ł 3 

, -0 LJ 


Okala** 

fragment* 


(C) 2000 Ctiemis 















ul*jl oLętkfiJI J*L> LjJI :ŁjJUJI uaJI 
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.xi"4Vi 2 S 

^t_śLstf Wr 6- j-* jj^ (Fork) aSjJJI jJjŚ-i UjJI jl iar*-^j 

.jujUM UjJI 


i lllll ll llllU l iil jg*. 

strand 

M III J ' Replication 
3-1 M N 1 ^ 77*! 1 Łt L l 5 begins 


ir n fri 


r r ' T"rr 


>TTTT 3' Replication 


1111 xT 5 i~r?'7y ,r ' 1 ' ' 


in! 

5' direction 


* I I II I I I I I I I I M li I *' 

3 J I i I I I I I : 1 I I i I I I I 5' Replication 

y | | m | m i H I H T TH ** corT,pleted 

3 i i i M i ' i ' i i ' i i i ' i ;■ 

C Schemeof replication 


Leading 
DNA strand 




DKA 
TOŁYMEfcASE 


CWEIWU. 
LHREmONOf 
KsniCATim 


1 


TiłPOlSOMFRASa 


<J (w^pUkLl OjjJJ-1 <J 

iJijb 4 uj 

* 

uL^Loa ggiaji-l 0^2 

* 

L 4 JI 0 

’5 ba wl^lj ta b£- 3 

•<’3JI 

('5 J1 ’3 .l^lll) jł-Vl JtJ-l j U 

c5 ^ UjJI 

^Jas) ° 


I^AOGtNC fTRANlJ 
WfTH OK AZA KI 
FKAGMEMS 


SJMOING 

STłtAND 




























qJl*U Vi*JI :Jsilt wWl-52 

.^twji Ifl i i Primer y 3 j*" i ' > ^ Lj^JI *l * .JaaJ lla 

SJtjl j RNA polymerase UjJl Jj£j> ^c-b j^Jajl ^jUI UL* 

.U>W J*.|jU j UjJI £jI* 



Leading 


leadjflg strand lempiaie 


Łag&ing strarKJ tempie 


Singla suanded 
DNA buldog proteina 


Pplymerafie * Oka?ak« fragment 


DNA replication 


U jJl JsjIj l g «/? *-> ^ a JjjJLl UjJI ^Jłs Ja-j y <uLgjJl ój 

UoJl lijjl ^rj£- JjJ^Jil *DNA Ligase 

,jl hv>j j^S ^iSy? >*j DNA polymerase 

Jjwail ł *Ua>-Vl y* 2 -*-* <— 1 J^>~ ^ 

.3JbJL>* 4xjx^ ^Jajb iJ^J^J L^Jljl Ua>- 







oLo^JjłoJI UjJI :CJLJI ć j ^a JI 


A 8UMMARY 8F MA REPUCAT10N 


o 



} Aftw ih* RNA prtmflf is 
roptond by DNA {by anałhpj 
DNA potymerase. not sbowm. 
DMA {19399 lainn Ofca im 

fr ig ron t lo the growing 


Q Słngtft-*tramł faindfag 
protains ziabiTm Ib* 
unwou nd paręntat 


HpftUMi unwind Ihe 
pawnai douWe h«Usc 


0vera1! dlroctlon of replication 


5 J 3- 










ąj[^Jj CUijJjJI (jdUUmAJl : J^yl vUJI 
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Translation A+af ^*J)j Transcription 

<3 L^JLic ^ypjjA. Ll 

(J Vłj*° ÓiJ? j*łj~* ótj* <i^>- 

.^£-1 CjyT' -bLijJ L^Jło j ■“'W* j^ £ <Sj J^pIaj 

* 

l ^jC^oj ^Jllalłj Jb>- 1 j c\id-\ j LłSb ^aJo oL*^jLnli (jbj>-) O^K^jj l>] 

. jiilj 

s£j ^J *3j^ (Ji ^ *W*UM A*^Jull aĄaJI <J 

.LJjJI 3 iiAj i<s-*ia a!*J**p J 5 w> ó% y 

ijjJl ^<*UM oL«jJia^ aJIźJI Sj 4 *^l 3 .j 

^ # ^ Sr 

,4^1 ^0 4^U>sl 

Transcription *iU¥l 

* 

4 , d J a. ^ 3 aJłJ^ jru I«LpLj ówl^ ol^Jj^JI 3 -* s ap^*^£ <j^ UjJl 

aU^l 3 ^*V3j 3 ^' ^j-U oU^JUll (j^aljJł JslJ-0 -V>-1 

.S^USIS' *3 Jl-5 


mRNA 



DNA double helix 


rri r 111111 ittt 

U MMIII i I 

Transcription -* 



jLL ja>xi,u,aj.u ju-L 

Rewinding Unwinding 


A* Transcription 























(UjIj>1I oU^IsloJI LjJI 
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Translation jiM 

.5 e U*Vl (>• ii-i— J) UjJI j ii—L« Jjyl V^>- (WJ 

.Start Codon *jlJ 1 Sj^lj Jj L> Alaij j IXj ^£jU jLl^l ij 

* 

TransferRNA JiUl UjJi JjjjJp 3^ l g y?*u £-* Ja>j ^ 

* 

iSlala Jr*^ ^ J3U» oUj 

. Anticodon 3^Uiil Sj^l J\j Jj~*J\ U^Jl 


Methlonlne Glycine 
Polypeptide chain 


Strine Isoleucine 


Glycine 


Alaninę 

ui 


%4-a) 4. 


AUGGGCUCCAUCGGC 


C C U 

t— r—r 
G C A G C A A 


2 : ' 3 y 4 5 "kM 7 


G G 


B* Translation 


Codons 


OTTO’ J 

mRNA 


■ Ribosomes oL^LjjJ] Jj l3 ^■■■■^") 

JiUl Uj,)!^ Ij^JI *_5^UajVl <JLłP 

.((3^Łlaj*Vl) frjJl tjr* ^JLk^j 

£ iJldi! yhjj Jb Sjjill 3i^ (JjUax!l) *JbJl Jjj 

* 

-Lg-^ajw JaJ^J i j>-Vl Jbu 



IJmtiatton 

C Stagcs of translation 


Z, Elongation 


3. Termination 






















ą+IijaJI sU^^J[ wLJI- 


-56 


: a!>* jll 

f“ ^ ł * j ^ 1 •Wj (^ *>*L^ Js?* 

AjVu wv*>> ^j^l 

■(•yb) -^ly 

f . 

ybj ^ 

.Jj—'jJi l!jJl ^yit- <LŚj^*Jj Sj^Ujl WASji!l 
. A*-jLjjJ'I 1 iJuJ^ jP aJLmJL^JI j.}L*j -a_j 

tRNA jiUl UjJ) u-wii ^2 

lP’'^ 4 -HPl i-y-j ji=‘^ O^A5 ii jJ j*jT j5Li' JibJl U ^i! 

■ i*^' AJUj <U£pJU- 

£y>lJ Axkd' JuSLi jj aJ 

.0^1.^ /łU ^PjJj i ijjl^UHłjjl \j ^jl 

.'3 AjlfJl ,J witaj witali SJliJI iikdlj 


>• 


łnfttórion 



Faetor stgma HMft ł»#/«r 

WA/A Rftjyfifefira 



Termination 




Variable 
loop _. 

Anticodon 
stem 

Anticodon 
loop _ 


stem 


i Anticodon 


2* Tforee-drrnensional struć turę 


3 ‘end 


Modified 

rłłirlantiHae 


Loop 3 


T stem 
Tloop 


D loop 


Loop 2 
Anticodon 

D. Structure of transfer RN A (tRNA) 


1 * Cloverleaf 

structure 














Jjljjl ki**)! 





j y* j i 1 1 

.o^i j ^L*joVi J^>- J£u; ^Ji ^' j ^~ 


.$i4jL&>- L^U-i j aip 



* 


Sj^fU^ \jj}\ (^iu ^i-b>) sijjJt iJijj btstaM 

fi 

. 1:1 ULc li^Jl £j* IjjJi 







śulj^JU cuiij^Jl f^juuuu^JI :U 3 U 1 yUl 
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l t Prokaryote 


Cetl membranę 


DNA 


Nucltu* 


Prima ry 
trariscnpt 


CytopUsm 

mRNA__ 

Ribosomes 

Potypęptide 


\ ran 5 port 


2 . Eukaryote 


A. Transcrlptlon and translatfon in prokaryotes and eukaryotes 


T| 


J 


\ij\ Primary Transcript ŁwUSfli 1 SljJl j Ul 

Jt® O-Uij c JtjJ 01 -X*j U^Jl ^1 

il^JI jjUj 01 

0 ł 

(J IjjJI jaj*- włju ^iusLy^-1 oUJU jl (JjUSl iJu j 

jru -Uj Introns aj^lj L*iaJ jU &\jJl j Ul i SIjjJI iolJU 

ixons ^JjLSIL ^ŁdJl 
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oLl^JI Ljl T łJ i 


Mutation o j ii U Hj U jJI 

3 (^1 (jlj J^JLj *0 Jłłjlł jJI UjJI ^jUa^j 

a~U (j j ^ 3 31 L?^ 3 d oi 

jJu 3 ] l jaUJI ,jiJL£ ^jj^» lyb J53j 1 3yikJl oJLto £$y* £-* 4JwoVl 

3 oljit lL*JL£ jl .3j^ljJl <^U?1 ^JUl 

-ijjJi ^ objj>- 3 ***** ^ *y^j 



B* ONA and mutation 2. Different mutation^ of one codon 


- i 11 M } ToT -[ Q f f A~H H | - f " | - 

i 


2 to H a'n H 212 h 

3. Wiid-łype Glytlrw 


' v * 

pKa®| 

-tEHAHZh 

-L 211 f 

-i ~ 211_> 

Ar^inme 

Glutami Jtld 


4. Olfferent mutations 



























fljljjil iujojjftJI ,j.^1 idylli i_»U! 
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-r - : - r - t -r- 1 — 

A T 6 G C T 

T A C C G A 

J _ U _ I... i. . i _L 


~r -1-T- r ~' ' ~ 'T- T 

A T T G C T 

T A A C G A 

.j... j - 1 _ i _ i _l 


- W -—r 

-r- t —— ł -—r- 

A T G C T 
T A C G A 

^i!I 1 


-f - r - 1 -- t- r - -1— 

ATAGGCT_ 
T A T C C G A imensm 

-i_L_i_i_i_l_i_ 


CTypesof mutatwn 


C?5QJf3# 

TIME TO DREAM 

Las - O^ange 

T^ME TO OREAM-* TAME7D DREAM 

Re^iseOar 

! ^ E TO DREAM-—* SMIIODREMI 

D ririra 

t"*etodremi- TETO DR EAM 

T^ME TO DREAM —-* Tmn OOkEAW 


Wsid-type 


Substitution 


Ddetkm 


Ujl jXX aJt fcljj) 

otLtfL-dl 

* * 

■Jlio] j\ jl JlJUl 


Jpjw a}[>~ J 

jz* j (JJ ot /^5sX S] .ly *\jJI 

£ ■ 4 U^oJj l ^ ‘LL^-w J t j A^ 1^5^ 

i _ f U ^jb OjJ j£}j 

.Missense *j~, :lfUs- eyja}\ 

La-gdlŚ jl wi-bM Lii 

~t>jb : jUol j 

j i-ślto-l <JI i jijś j^\ Frameshift 
•LfJ iJUIi 
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oLlaII igjljJI 


Genetic Codę j>«l jJ 1 

UjJI J—Ju-J jp 4 s - ja £ : 4 Jb i 




LĆJj C^1 i j-iLi V jt OŚji^aII ^y*j 

■ipijjiji ^ijji (jj» (L» l jAn^- y*j ^yJi) s_y»ijJ! ' _ 

'-^ ^aj J'j.^ 1 J 

j\ (s-jji aJ _l j 

.5^*1IjJI <ulad! (^_ *i5^j' 4 ^ 

‘ 4r^J ^ ępbjJ' j^Jh 

ob^-JajJl <_J; Lg_***j3j Jl>-I^uj 

,-UJb>Jj 




ui 

c 

! a 

G 



nt 

Sm 

Tf 

c** 

U 

U 

Pł* 

Sm 

jr 

Cys 

c 

Lm 

Sm 

STOP 

STOP 

A 


Ln 

Sm 

STOP 

T»r 

G 


L«t 

Pm 



U 

c 

Itm 

Pm 

Hfe 

Af 

C 

V 

Ltm 

Pm 

Gli 

Af 

A 


l*m 

Pm 

94 

A'$ 

G 


*» 

7W 

im 

Sm 

U 

A 

o* 

TM 

Am 

Sm 

C 

M 

«* 

TM 

L** 

*ł ! 

A 


iflct 

TM 

Ljri 

a. 

G 


V» 

A3ł 

Air 

G* 

U 


V*d 

H* 

Asł 


C 

o 

VaJ 

Ałi 

G« 

GV 

A 


V*J 

Afł 

9- 


G 


z 

4 

3 


_< A j> a * wfVfv r 4ccełSPKcer{l^nce r org/ 

The Genetic Codę »«/«./ ) ™ e i K .M™i 
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ąjIj^U : JjjiH u Ul 


LjJI ^ j^ol^JI 

* * *_ * * 

JA JŚ\ 4j Ji Uyw u~*l U^>- Jj-Ij ( J~*\ ij.'**£ 3>*'j j£ ^ya-^z 

J*aJ- y>\jj Łu-j ijy^\ J^' óL* y>\j iJL*i •> a 'j^ 1 l jj J-^ < *>*'j 

•*>•0 0 * Cr*^ •oos***^ 


Nudeotide basc 

PifU 


Secmd 


Thifd 


Ur«il{U) 

CyTosin* (C) 

Adeninę (AJ 

Ccuwn* (G) 



F Phenyłalanćn* (Pin*) 

'i Sł t nm' (Sec) 

y ryfmtne(rvt) 

C Cysteinę (Cy*) 

U 

Uradl 

fuj 

F Phcnylalanitw (Phe) 

S Serine(Ser) 

Y lyrtnmri Iw) 

C Cysteinę (Cys) 

C 

L leuclne (UuJ 

SSerine(Ser) 

Stop Goctan 

Stop Cudem 

A 

L Leuclne(Leu) 

S SerimMfSeO 

Stop Codon 

W tryplophan (Trp) 

c 


Utudne(Leu) 

P Pitlfrrtr (Pm) 

H Hisikhne (łłłsj 

R Argininc (Arg) 

u 

CyttHine 

(0 

Ueucfne (Len) 

P Prolinę (Pio) 

HHiWidintf(His] 

RArgtatne(Arg) 

c 

Ufuttn«(l(ti) 

PProttncfPiO) 

0 Glutamin* (Gin} 

R Arginine (Arg) 

A 


l !ęi*ine(|*u> 

P Prołłrt* (Pm) 

Q Glutamin* (Gin) 

R Argtafr* (Aig) 

G 


l Kołeucirie (tle) 

I Tftieonine (Thr) 

N A\paracjinę (A*n) 

SSeftnc (Ser) 

U 

Adenin* 

1 l\f>lłMOrt< (lic) 

T Thrennjnc {Thr) 

N Asparagine (Am) 

S Serine (Ser) 

c 

(A) 

1 Mrut uw {lir] 

I IhreorrineUhr) 

K Łysinę (ty*) 

R Arglnin* (Arg) 

A 


suit (Methiomnę) 

TThreofllrte(Thr) 

KlyŁlne(lyt) 

R Aig*nlne (Arg) 

G 

Cu^nlne 

Wahnę (Val) 

A Alaninę (Ala) 

0 AsparUc #ckJ (Asp) 

GGlycint(Crfy) 

U 

Wahnę {Val) 

A Alaninę (Ala) 

OAspartłt^ęid [A*p) 

G Ctyiine (Gły) 

C 

CC) 

Wahnę (V*l) 

A Alaninę (Ala) 

f Glutamfe acid (Glu) 

G Ghnr in* (Gly) 

A 


Wjhne(Val) 

A Alaninę (Ala) 

Ł Glut amit «fd (Chi) 

GCtycln* (Gly) 

G 


A, Cenetta codę for atl amino atids in mRNA 


.'UU*^7i |J| oUr Vl OJ>l Jij 
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oLosJl JJUljJl UAb 


,(ViLu O Jj>- 4j!Aj jO i-i J>- (JJ <UU«Vl y> y>^-\ sLwI 

....\jSjhj (PRO liU<) P (PHE liUu) F (jj j~az£-. 

.UGA j! UAG j\ U AA : ly Ij Ul (gOjiiJ.0 AUG *JlJ' 

(AUG) ; Ua J ais S^slj U gV* jl-IAJI óL/łą.^-'^ 

.(UGG) OUj^lj 


Start 

AUG 

Stop 

U AA 


UAG 


UGA 

A (AU) 

GOJ 


CCC 


GCG 


GCA 

C(Cys) 

UGU 


UGC 

0(AspJ 

GAU 


GAC 

E(Clu) 

GAG 


GAA 


r(Phe) 

ULW 

uuc 

C(Cly) 

GGU 


GGC 


GGG 


GCA 

H (Hii) 

CAU 


CAC 

i m 

AUU 


AUC 


AUA 

K(Lys) 

MC 


AAA 


M(Met) AUG 


L(Leu) CUD 
CUC 
CUG 
CUA 
IIUG 
UUA 


N (Asn) AAU 
AAC 


P (Pro) COJ 
CCC 
CCC 
CCA 


Q(Cln) CAG 
CAA 


fi (Arg) CCU 
CCC 
CCG 
CAA 
AGC 
AGA 


S (Ser) UCU 
UtC 
liCG 
UCA 
AGU 
AGC 

TCThr) AOJ 
ACC 
ACG 
ACA 


V 

GUU 

GUC 

GUC 

GUA 

W{Trp) 

UGG 

Y(Tyr) 

UAU 


UAC 

B(AS*) 

Asn 


Of 


Asp 

Z(Gh) 

Gin 


cu¬ 


du 


B- Abbreviated codę 


jąj ŁLmlL^ ^LSU jJ\ 

j»J> l)I aLJu ^jA 0^*5 jz^ jl jLx£-Ij 

j A.> aLmLmJ 

* f * 

y* (CnjI IjjLIj) L x3y V (jjyó\ oU diii £-*j 




































iłjljjiJ £Li 1 j>=eJI iJsill wWI. 
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.(introns j (Exons j^-) ó j ^j ^3^^ ^ oUJ-l 

IjJ ajLJ^j V ajLIp Jj UjJI <j1 iSjjj ^ 1 Jl ^ U jXj j 

aJbJL>* oll^>- jj-g-t <j| ij tS^J? AjjjJaJ iv*j5b1 Jl jw 

AjłIx 3^ oljU3»- ^ jJ i 4jŁjLJ1 

.j ^.WJI <Ww? 



jl£j ( UjJl tJ jb ó 0^ 1977 *La)1 3 

ł ^ 

J y*tj}\ U^j! ^U& ^3AJ 0^ U-U^ Ut^lj 3 LfL&Xa 

jjj ^"!Lj J-Uj oLjJ i jSj t jJl aJ^m * j*Jł 3^ d'jj^ 
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oLcuJI 




j A OelfcDcff £ I 

FTT 1 


□ 


47 IBS 129 ! 143 1043 

51 118 156 


7700 b^epairs(bp) 

A. Exorts and Introns 


1. No introns (prokaryotes) 


Dupie* 


Intron 


SmqlC’ 

slrdnded 

loop 


2, Witb introns (eukaryotes) 

B. Inłervening DNA seguences (Introns) 


^OaJ 1 JL>-jjl LjJL!1 *J yji jJl Ujjl ^ 4jl Jij 

k Jai UjJl ^a_su tj 0^ * UjJI Jaji-l S-U>*j Loops 


1 31 32 105 106 U7 

p-globln 
genomie 
DNA 

Pr miary &' ^ m 3‘ 




C-Ot ^3 SU IjSOłj 

^JaiJl Ul Exons £jljił-L 

(Jyi\ oi*-l 

.Introns J>.l jjJIj 


Ci— 


-»j5* L6-ST 




00+" 

m 7 G —- łAJ„ 
105 M7 


f^globin 

mRNA 


1 31 


|iglobin 
































tJJkJUuAjl : J 9 ‘UI wUJI 


66 


^JutLDI ‘ , ■ j % Ja II 

UjJl OjSĆj Ji-ljJJl j ęj\j£-\ JJ ^ Transcription (■%>')}\ aJLp ^ 

ó«r j 0^^'j J-/^' (TjLP 5 -' 01 

SJL*jJ V C^Iai) 


Promater 

5‘ UTR E*on 1 Intron 1 

* -- T 


GT AG 


ONA 

Exon 2 In tron 2 Exon 3 

fCT AC 


3'UTR 


H 


Primary transeript RN A 

Mcu ag! 


JCU AG 


Splicing 


3 - ^ 


: A A A...Poty (AJ 


t Basic eukaryotlc gene structure 


mRNA 



/ Capping 

/ 

S 


cap 

TmGppp f 

,7 




potyAdenySaibn 


****** poty A Mit 


Spi?CGQ$Ome$ 

RNA splking 



M ^ ięi\j\ jłs* ui 

* 

^ ^ _ . < d . 1 ^ i -y7_*_* 1 g * i •/} 


5Ja£. SpMcing 


Tt^o— J ^ lwb>- dJL3.ł 


aJujJ (^-^UO J^ 

Cap 5j-JUJU lwL& ajLj 

aJlJl*/ (J1 L*? 

-Ji-Ul (Poly-A) 


//R , jś50f;f;e. r RWA 






















LjJI 

Recombinant DNA 


Bacterium 


r, 




^ - 
J 


O tsolatiort of platmld DNA 
and DNA containlng gen# 
ol inlereet 


Cali contafnlng 
geneofl 




Plasmkf 

Bacteria! 

chromosome . 

Recombinant DNA 
(piagmld) 


o Gene Inserted 
into plasmtd 

\ 




Gene of 


interest 


DNA of 
chromosom# 


O Plasmłd pul into 
* bacteria! celi 


Recombinant 

bacterium 


Cepie* of gene 



O Della cloned wtth gene of Maml 
t 0 tóentffleation of 



Gene ueed to eiłtr 

hłfitniria pJ A apa| nn 

oaciena Tor cieanmg 
up tox Ic waate 


IilI JLj u i m1 Ml 

□sodo ęiDU 11 * 

heert attacfc (harapy 


C1995 Mi+w Ltf^fTUlfi. *nc 















ĄiljjJU I wLJI 
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DNA sequencing LjjJI 5 I m Lu* 

-CjLfcjj J> ^j£* oLa jJLa^ U ł 5^C-*jJl ^J*-Jl^jJl 5ijjus jl 

. 4_ib>iJ,l j}\ aJgIaiII olj^ws-jJl Jj aJLjUt ^ (j^JaJl 

* 

i oLijł**J 1 3 IjjJl (^JLJLj) JuJL?łiJ 4 la lt oijWI tiJUJU 

■<Xr^ *?*■*' 



Dfotfron "f 
IftfWC^JOT' 
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UjJI :^>uLobsJE 


(UUi «1ml .. ^l,,,SII J^L ■OrfJI . V >t~1 

j -Iaj»- ts^ 6- La 



.(eJj-li (J^ (Ji-Laj) O^Lf-lij i*jjl j ^jl c?*-' 


template 


READING DNA: DETERMINING ONA SEOUENCE 




'■ In ix. usmgddG 
■ in rx usingddC 
' ■ in rx. usingddA 



Scan gel by laser excitdion 
and fiuorescence emission 











aJljtsU o*jlaaAJI vLJI 
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.UjJl 1l<>- ^3 ^ JjjaJI <Jl£j£ as-j^jĆ- jją Ji Jl L^jdJ 


. JtlidJ ^ JtlŁJI j ^kaJl jJCij 


$ 0 » I 1 

y ś- * 


$ #— 

V 3 a 


* •— 

3 j u. ■ . . i 


l 


i 




A 

L 


G T 

- 1 - 

I fTacirophorosis 


C 

J 





































i ^ ■ jj LoJ I UjJI ii^juusbtJl v-*jł J I 
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3 JLs-lj JiJjJ£ jl! '~ mm ^ SjjJ^ AJLa^JI i^Ukl 

<JU aL>- j^o 3j j^JlC' 4^*v0j jpIjJIH <j^>- (3 UjJI <xkS 

.lj Ii/iI ' ^Ji^-I oU Jńfr ^IłaJI ^lvi^ a^jLj 4^La4aS' doUfl j d« ■ii'*? " 


1.DNA to be sequeoced 


TAGTCGCAGTACC G T A 

2. Single^tranded aod labded 

Oimelhył nilfjrte 
CM, 

• G G G G 

0*1—G O 


h G 

H—G — G ■ 
►— G - Q- 

3, Partiakleavage 

•“ - 


CHj 

G 


CHj 

G 


PipcridtfW 


4. labded fragment; 

Cp CT> CD 

@< & © 



G G*A TfC 
5. four reaetion mixtures 


%' Timmi ti i ». ■■ni... ■ i .infHt-.w i .mw . ■■> * 

GATTAGGCATCAT 
1* DNA to be seguented 

1* ' n i s* 

+wv| IPtimef 

2. Initlation of iynthciit *Cw M«| 




A*. ^ ' ■• - - j T“.1 

A 4Www /vwyvw -O 

(similiup bJWtpccifk teamom farC, &, ind TJ 

3.Termjnatk>oatA 

DNA Pi%m i-i.isp 1* 
dATP. dnp. dGTP, dCTP 

d<JCir> ddATP ddrm ddCTP 


S?| 

I 






a "- 
© © 


6. Cel ełectrophotMis (ieguentiog geł) 

TAGTCGGAGTACGGTA 
?« Determined **quence 


A, Seguenclng by chemkal d eg rad a t [on 


3€ 


<T 

■'j. 

& 


, Four para Itel reat trans 
GAI 


5. Vi*ualizattón of the «?quente detormined 
by polya r r y famide gol eletttophor esis and 
autoradiograpby 

B. Seguerrdng by thalrt terminal ton 






























<Ulj£JLI 4 jJu>3łJI : J$iJI yUi 
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ł Aajaj J^kJI Aakj£ UjJ! ^ ^Ic* JiJLgjJl OjS^Zj 

J^IjjłU <UP QjŚZ 1 ob^LaJl iSj^ ^& h « h 1 iijJiJUjj 

I-%*>■ 4-tUij i UjJ! i ^A U-IaS [^a ( JS^ iSj^ W-gLiI AjUjI 



mmmm* 


brtH 


r 


li 


v 

[__] ^ 
i *., i 


g] 

>r 

5 

c: 


' L 


cd 


<i: > ~ 



c: 

31 


c: 

m 

31 

-• 

£! 

sa 


i 




1 N*^ 


M* 



c 

i 

A 

G 
C 

c 


łW 


Ig-ryŁ^-j aJVjJp ^jl ^jLL^2 ^Ap 

*iaujVl ipl^aJl ^ o i^-I jj AilaJU Jio^j ^ybj^SŃJ! 0^->-jJi A~UjJ 

.ji-^1 C-Jl? UK Jbti 5iLv^ Jj ^-Ła-aJł jl jJl IJU* ^jAj 

■ Ób^jJ! eUM 3 ->Ip joJuj 
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^3^LoJ! lijJI I L^eJI 


J-j-uiLyyJ) L->bl^u i-LyuJ—uJ 1 

U-l oi^Jl (j U1 j^w*t 1 iLjlzJi 

Aj jl£ll 3 ( t ^-A2y^) UjJl */3~ ol Uj-U* J^oJLajj 

* 4 

J&ŁS V dd ATP ^ ^jjjlł 4ic d ATP ^Ł. c**-?jVt gjju OJ^JS - P ] 

* - i ^ *^" ** • • 1 1 U wO ^ h. ! | L- . o o i 0 iwJUji wj-iĄ ij-ISLa 3 

. JaJM ipb>-l UJLJU 


SjjSjlII iipljall Cr* Primer Ijljj 

*^iil jy^ j^JU j£ <1)1 j*xj o^ks^ 


A Thymine 

°\i 

l*c 

Deexythymidine \ y 

tri p ho sp ha te q . 

(dTTP) | 1 

OH H 



5' 



p - p - p -c ^o ^ Thy T ne 

■/ NJ 

C «• r c 

Dideoxythymidine\ 3 ' r/ 
triphosphate C — C 
(ddTTP) I I 


5* 

HO-C 

I 

Cr 

Azidadideoxythymidine \ 3 - 
(AZT) c 


. Thymine 

°\l 

rc 

-/ 








oJljtgU (jojuu/^l :JsiM wLJE 
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LsT iJuJuJł J CXri^ l^Jdl *.y.^ jU JjVl Ujjlp 

ijjJi ęSss ^ ^iisj (jj 

ł(ta J4-£jLiLa O^pLij iSj^ 1^*4^ iijJaJbji 

* 

£jl^ja __ -s.j£ l^Jtjl?! ^JłaH 4£- 5*^r JJ-^ (J1 

^LftjjLfr ^y.vaxlI 
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LjjJI : L >AJLobJI % ■■Ty* JI 


j U? [Gel Electrophoresis) ^ j^U-iJU*J 

• AjL^JłIL jw 4IJ L JI i!L>- 


G 

A 

C 

T 

G 

A 

A 

G 

C 

T 



AAATTCTTCT 

Two ways of showing the 
resutts of DNA $equencing. 
Each show* the order of the 
bases in the sampfe anatysed 



DNA Cloning IjjJI Jl m m mt 

dUij (tAi* oluA^ J&- I) UjJI Aiow aJUL, ^a a^IS" oL*5^ L5 it J \j^zi-\ JjjI lij 

dJJS ę*JUJ ( ^SlSSl (UsJłJP SjLj ) ^ Aj U A^ljjJU 

UjJ! oltł^^ ^ ^ UuJł ^a AwLpjłU AP 

UjJl ^ jl i lJL>> aUjJjJl Ajdl>E_U 
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; SJl^* olj_U>- ili!ji 


Oonw DN* 


y* 4>5^2*wŁ) 1 4dla’ll y* LSJJI *1 

.UjJi isiuJl flijfc *2 

* 

,L*łLŁj l {l^J \ ) L&jXP .3 

^SJtChCn rayTOłffO 

f f t T 


fł*pU»Kp 

aTupWcjUić^ 

jfijo*idf¥i«ir' 


G*on*tf 
<tow 
*taęm*rt 1 




Cttretf 
dw* 
^4-JpTłWTT 7 


(jry>^lJl) iaJ^! JL>-j IjjJll (J^>u4x!I 1x^5 jJcJ 

^h5H £~* (Probe jL*JlO JajM JL>-j UjJI ^ SjJL*^ iaJaS ^ -J 

.Denaturated IfLai i 01 -bu Ł**d! 
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lijJI \ 


( jS^£ i IJjJi a~aj 'J.a .^_^_,J • ^daJLi^ A^oi |<vj tJi -t*.; 

^jimni^vi 


: V Sj * ^ 

yjail UjJI ^kiJ Restriction enzyme JbJL^I ^Jajl ^iJLJhŁi^L .1 

bj«VJl ^1 Cj^ ^J 

ł -u*X> ^ ^>-1 ^k-Ł l^kLJjlj ^vJ ^roLgjJl bd£ ^Lc* 



Recombinonl 
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dJJiiTj i 3jJ li Uj jt J>-1 ^laiill aX& >X>Cj ,2 

* , * * 

L*jlJLe h~>* jli3£ <JLi-l oX& Jj) iS.j^ 

{^-jIA4^/3j L^Ai-1 ^J\ wJj-JmLII UjJI ^jA ^!a.a3l $Jj& ^JJLJ -3 

t A4jJgil A-Jji-1 <j^ jJidl ^j^aJu aJLaaJ U^ 0 Jla ^Jłt.»w 

* * t 

Jj-a JaJłS 1jb>-lj Ić-jj aJjA-I jl 



Transformed 

Cel! 


*Ji\£śj <L^Sr JyjJJ iŁjtfJ j3 0 J-& .4 

o - -^'j Jj* Ji ^s**^ 1 Vj*j4-' ^'^-' O* £j* J& £jjJI t5Jjj .5 

.WjJutil IjjOl 

UjJI ^ 04w^Jl^fcU Ać-jaĆ- ^Sr y>l —Ii jJISĆdl i£*.}t -6 

. t—Jj^tll 










v<pujb}JI bjJl ŁjaaJ 
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. JjLjJI i m s A ~ ¥ *L ^JłŁII £jjji '7 


JsLJf CfUtjąrfU gL/MI uAfjauJ <vfJuJ! *j\s ijju&f ijsjJł UjJI $JaS im ^cAJ :<ikL>±Lo 

. Vector 



S elec tioo lor cdk coitaining retom krtani DNA 
moiecutn by growth in |Kb pmence of orrtibitfłc 











^huuuJ^II ; J 5 SII uUl. 
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jł„iM,oyi 


LjJlj_UL JLSj^LŁll Vectors ^ JuAaJI LJk*- 


.Sjh wy? H ll V JJbJI 


■Yeast S^f-Lk^^h oLJwłII jiljJ JLv óIa a*^1 cJi Jij 




Son 


ftM 

Orininol 
replkation 

1. Genes for antibiotic resistante 

B* A pląs mi d vector (pBR 322) far cloning 


Tetracycline and 
ampicmin-resfstant 


Tetracyt li ne-resi sta nt 
ampiallin-sensitiw 


Te tracyc I tne- sensitfve 
ampkillinresTStant 

2. Altered antibiotic resis tance 


mRNA 


i 


Otigo (dT) primer 


i 


»“ TT* 


S t - 

_/--✓■N/'' V-' 

■» - » - 9 — 9 - 9 9 1 5 ‘ 


ł 


ł 

W - 9 -1-9- 9~W 


o 11 UjJI Jl 

aJ^j dj*_ks AjL eDNA jmiII IjjJl 
■ J^lfT j\ Sj^slj Uj 4l**J*^j 
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LjjJI li^uuobJI ł 


f 

Ł jdJLl iJi^J ^J1 4 jV 1^iaj ij^JU 


UjJI 


C ta 


jl—U ^ aJjUUj ^fl^dł UjJl jL~«JC jL~JJ 


jiLLJl UjJI ^j£* ^A^JaJl UjJI y^sj ^kL»j Aj\ ^*4jll UjJJ <^Jsa-*J 

.w JA oVUM j ^OaJI J SUJI oJr\ ^ 


Targat pffiparation 

m 


II iJULUIj 
L-*iS yJUlu 



L) Jul I l—ll *»4 S o 

♦ 

*Jic UjJI ^ks <0ul^ k&jAŚ- UjJI <li5U 

J j . /v> JJj) ,^*.^11 Ojjw ^-a JL*jx**J Jjjj 1 *jja JajJ! IJU W^j 

4jilj>Jj ^JaaJI ( J^ ł Jj JuJU>wJ1 oLoJsjL UjJ! «Ja & UjJI *uiSLa 

■f^Lrr J J* J*lr J 

. JiVl 30s»lj 34 a 1ai cLv^ JJL-jJI ^ i_dl^ ^ ja UjjJ jBjZ* jl 


















ctfljflJJ 04^1 yU! 
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bdJł A^iiU 


dJUS jj Lc oL* r tf jl UjJI ęS al ^J-SL! J^V1 Utj ^j^-l 


uj^U-l i ^ r w? ^ISU ^j^UA-l UjJI UjJi *£\$ 

UjJl 4-lSUa ^JLflij 
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ijjjliloJI Li .dl ii^uuobJI 


p) n" f ^ LjjJI 

l g 1 *f; LiT t (jtjI ji-0 JsjiŚ (^^LLaJU ^4lll IjjJI jjtf- 

•ijs* 

^iLt^JDLd łLIoł! > J *y Lgjl 4 li \J\ I. -lla"* Igjli (jJJj 

.(j^sM jt 


CREATtNG A cDNA LIBRARY 


mRNA 


1.isoiate 
mRNA* from 
CMI*. 




cDNA 

V "W 


"H 


mRNA 


'S, 


'msC 


Reversc 

transcriptase 


2. Uh rev*f*e 
transcriptase to 
make a DNA 
that U 

com plenienia ry 
to each HNA. 
Um DNA 


pofymerase to 
make the single 
atrsrded cDNA 


stranPod, 



3. A Pd each DNA 
lo a ptasmtd and 
In sen tnie E. coII 
celi*. 




X 




cDNA Hbrsry 

CoUocUon crt 
CDNA* In library 
represenla ONA 
tromeach 
•cl)veły 

transertbed gna. 






4 jIj>U rdjill uLJI. 
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jjj^Uu 4JujJad Restriction Analysis ^ Ja ula*" J) 

*—J l!jJl ia-i>- ^ai (jic- ŚjjIaJI Vl 

jia.tj Lp.^j jft.Jail Oj&jj Ol a.J aj' 

: bjd ć-Ą jc-^ jktu j UJił 


Restriction Ertzyn 
Aotion of EcoRI 


V »***■* w* / 

1 tfimitl* " 



Restriction fragment JbO^iJl ^Jai 

Jaj^jl f-* frtdla..jP ^Ja.S.11 fijjb *^W-£ 
^ja btolu^l 


Southern biot hybridization oji$ L* jJb 

jjcJl -bjj iJai ^ t XJaJ! oUJaiL AjuIłaJj UjJl Jjju aJUaJI IjlJ 

*JrT j' C^r) Wl 



1, Total DMA 





2* IłigptlitH) wtth 
rKrrirtk>n enryme 


(+) 5mji 


Mląrstian 


6. Siara! ktentfttes fragment 5, Hybf idlze tu tabeted DNA 

hyWiied to probe ptube (single sli iłiłiWj 

A. Southern-biot hybridization 


mBm 

- • * 

•“■ - .“'V.T.'V; . 

; .-TiJwHil''’.': 

T 

^ larger 

© r 

3, Ge! eJettrophoiesi s 

l>ey|jiti 

śĘźz: 

’. j"fVipfJ i i * -S 

- • ■ ann 

••* ■'»**?'*» <r ,r'!V i- 1 

[W m m 


zm 


4. Triiiłsler nom membranę 
(Nylon ot nittocellulose} 
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lyjj-hiiLoJf IjjJI i^ujobJI CołJI 


y* s-Li^ JJ JJU jJJ *JLa 

yp b>- ( Jfijł-1 JL^j ta) jl™a ^j ->“jj jąj JajA-1 jl UoJI (°^d 

.^JaJiM y* oOjj g(JU <».Uj11 £* OJLĄ ^jliail g%^b 

* „ * * 

(^ie- ^Jflj UpUui 4 jIS^0 JjJjĆ ya y&*£j UjU U J^J* jL™ll i)\ Uj 

.ijl^isil X*J isjjJlr 




i 6 , Stanai fcfenttties fragment S. Hytwrdtic tu Ubcfcd DNA 
ftyforteed to piobc \*vhu (MiKjfe . 1 ^i^Klfd) 

j A, Vn)Hwm-M« hybratuition 


4 . Ti.infjfpł anta membranę 
(Nybti or ńitnoteUulów) 










































ĄjijjU <Cujptji jiJjUi wUJi 
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JljJJI ^ oljjJu 

Restriction Fragment Length Polymorphism (RFLP) 

* * t 

J.J y J-btJT < IjjJl <1.1.jj ii La ól k-śjjAil ^y> 

.DNA Polymorphism UjOI cjIjJ& - ■; U iJUj <. Jic-I j» ęjj Si* 

* *■ * 

Ojl Ij3 Jz*>- ^Ip- ^**11 0^ tjJUj ^j£- ^LL ?j 

.(RFLP) ^3 jll \Jjb Jj i Jljkt 3 JJ tS^jł Lć 






RFLP ( 3 ) 

Tandem-repetitive polymorphism (KGttylMfŹflifiiL 




Ropiał untt 


Tendam 

ropeats 


Pdymołphisnr 
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LjjJI :^HUuobdl 


i-iVł 4— **->- La^JU j£ JjJU UjJI ^y* Jł>-^J Jliil ^^Ipj 

ijiiii sju-i 3j * (i joij JJO jJt łj jjJbcJt j-* ot ^Jjt <ji>* j 

Xi JJt) 


Allele 1 Polymorphie site 

\ 3 kb | 2 kb \ 

C ~\,~~ZZI3 probe 
3 kb 2 kb 

two fragments 
Person with two afleles 1 


Alteie 2 

_1 _^ kb . L 

i _ 1 probe 

5 kb 

one fragment 

Person with one allele 1 Person with two alleles 2 
and one allele 2 


- S kb 



1-1 

homozygote 


1-2 

heterozygote 


B. Restriction fragment length polymorphrsm (RFLP) 


2-2 

homozygote 


(JaJb ^s^ll lii Lł* 3 jji (jl Li5Lc ój3^L-^ 

1 1*3j (JJf) j\ (iUlf i*bi V < 1 j*ij JjUjlo 

*(2 j^AJO JjUw* jt (2 j*3j JJij 
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Miele 1 Polymorphk site 

l Jkb | 2 kb [ 

\ ~l probe 

Hb _ 2 kb 

Iwo fragments 
Perlon with two alleles 1 

1-1 1-2 2*2 
hoowi^trtę hetero/ygote hoirnwygote 

B. R«strktiort fr^meot lenęth polymocptiism (RRP) 


Allele 2 

J _ J__ 

i .' . .L'j probe 

_ 5kb _ 

one fragment 

Person with one allele 1 Person with two allełes 2 

and one allele 2 


oli 4 aIłIłJI L _ r waJl l jikJl cJt£ Ii] 

.^>11^ ^j-łSsaJIj < ojikJI a Jut ^ tifUiJ jU t SjlpU 


Miele I Potymofphk: sile 

| lUb l 2 te J 

cl::; i probe 

3kb _ 2kb 

twofragments 
Person with twoalleles 1 


Allele 2 

J _i kb . l 

CLL~L7 * probe 

5kb 

one fragment 

Person with one allele 1 Person with two alleles 2 
and one ailele 2 




i-l 

homwkfygoie 


- ikb 

- 2kb 

1-2 2-2 
hettfoiygote homozygote 


B B. ■iił l j| l u *-„. - _ ą | - „, _ *1. Ł . ..-. .. . _Ł ^ |OCl frt 

Os KcsuKiton fragment tengtn poiymocprusm (KHr) 
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LjjJI 'yuUbObdl VdAi.i 


<uJbi£ UjJl U ys Lxlj i 5 jiiaJb JaJy V l^JlS RFLP Jl jl Ol o* 
j£\ J\ d\^~r) Alleies JjVVl yJż iŁjJaJl *04* J&J .4?li ^i^ll 


t m * x ra» 

H «w**3 

«e «c 

, \* 

*■*«***• ^w»«iivae*o 
©tf *6 

* * \ Z a * t * ł % 

& tet &s m -os łw cw Dtf 

»«[* i? s? ?* łi i* » ?j i? ił ?* 

ł^fprPi 't »nh{ 

ftC łCWE ,#_ WE *£ 

hiMMI 

_ * # * "St 

Ni 
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Restriction Mapping Jail j± 

LijJl ajLoJ- JoIp L^Ij oUk-iaji ls^" 

p o!JLj \^Śy 8~4 JjJaj <ULo SaIp Jjł-ij dalU £J^4 -JsjI J53j 

.^Sl^ll ftjja ^ 

■ C^\ ą : Ś^VI ńJLft ^allj£ Vji 400 jVi ~Uj 


EcoRI 

i 

5 EaS^^a3 GJA AT T Cl 

3 rr-—:r"“T} c f Y AAlcr: 

i 

t 

C!cavage EcoRS 

1 f 

Stłeky ends 



A AT T Cl 
cYtaa’ Gl 


Z 5 


^31 jm*j oUJaJVl *JćuVl ŁjtUI ^la£ ^ JSwJI 

: l^sJaS 


G&AX 
CT T A 


pil 


1 , Recognttion sile ul a restrictm enzyme 

Oćjn^mA 


A A T T 


CTTAA 


m 


rógteftojniiH) 

2. Fragmenli witti single-stranded ends 


3&C* 


^“ininrl 


a-cc^oo 


3. Recogmtion sile of Norii! 


TfHII 


gg cc 


mnE; 


4. Bkml-ended fragmentu 

A. DNA t(eavage by restriction nudeases 


Ret ognili cm 

tut 

seąuence 

SvT*TrałFV 
, suł 

Enzym*? 

Bacteria 

5 OAA 

CTT 

TTC 

AAG 

fcnRi 

Htherkitm 

oofiKf-13 

5 GTPy 
CAPu 

PtiAC 

PyTG 

»»« ffiSSSi 

S AAG 
TTC 

CTT 

GAA 

HoemopMtfl 
WfłdlłJ infhwn/w Rrt 

5' GTT 

CAA 

AAC 

TTG 

i_i i Hoemophilm 

pottfiftfłuenjpp 

V CC 

GG 

GG 

CC 

Hpatt 

fłormopMt/j 

flpfiroftfłdj* 

5 GG 

CC 

CC 

GG 

HtirM 

Hoł'nrwipldw\ 

WflypfrtiJ 


B. Ejcamples of restriction enzymes 
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LoJ I LijJI ^ l>* . 


: J^k3i ^iai jj^ ^J\ 0^1 £-ki ^ Ji>-^ 



: ^Sia}\ Jsulj^ ^kill iJu? JtSwJI ^ 


Eaperiment: cffect of two enżytnes a and B on thc sarnę ONA segment 



Eiuyme A and a 

eruymeAonly 



mmmmmmm 2 fcb 













enzyme B only 




- 2hb 







A 

tt 




5kb * 2 kb 



D. Determining the location of restriction sites 



£ H H 

E H 

E H 

E 

1 1 1 

i i 

ii 

i 

E, Restriction map 






























i Jjill wUL 
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bjJI p.>>. uVi1 PCR Ja Lu 

f A -* ' 4ji ^ 'i Jj U-Ul * A—> r - ż? " ' - l ^ J 1 

Ć-j>*Jl j i^Juś»lJkl SiłJbi-l Sj^>-Vi jj) la" a/2 tf j dj^T <LJJlLSl adJb Oj^lJol J3j 



Poiymerase Chain Reaction U 1 ,,.1 ..ńH ^S>l+J 1 Jj^Lu 


PRIMERj 


Ist 

CYCLE 


Ind 

CYCLE 

3cd 

CYCLE 


4 (ti 

CYCLE 


I, 


VSEGUENT 

irrocopY 

iPRłMEfl 


II 


Stti 

CYCLE 


I, 'I I. 'I I, 'I I, '1 


V) ujJi JL-^V 4juj*mj sjl j& pcr ji 

.(L> 

OljrJu SJbJLC- Ojjii JJj 

d 85 £^li PCR JI Ol 

*(*U ji\ JUu icjJ jl IJL>- ^JLU UjJ! 

* 

<Xy^u» oUjJL*-« LU lila-*? i j*_ŚŁUal3! UjI-L>-V jo 

.SiJLg^-il UjJł iLU— ^ 
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IjjJI IgyOiObJI % i > Mt 


25-15 'L^Jw-s J^1* Ol^JuJ jJŚ ^3 jU L- oLo>jJL*JJ 4-AA 

.Primer U-p> JS' ^Jb * Sopli 



Hcat. cooł, *dd 
primpfMO fet 
ssDNAlhil 
primminnea! to 



MA Tiq potymerate. 
dGTP, <fCTP, dATP. dTTf 
tAiynthMttf 
compiimełitiry ^Łr&nd 


/\ 


fc*P*H tyci* 
25 to 75 Ihntł 


/\ 


: ijk ^ ^ 

(jrpfc^wlU UjlH *1 

Denaturation JaJU 

Jjo Jj U?) (j£-iUI ,2 

Aa^La jj (^j^t*ł*x3 i 

.cipUalł UjJl 

jJ^l! ^9 IjjJI £yL*jij .3 

.Polymerase 


* ✓ * 

^Jpldj PCR Jlj Lgj Jfl-Jjj t_3wL^I—U i*9jiaJl aLJlJlJ LmJU (j^^LJl J&j 

\j£j fcj SJbJU>- Cju^ aJUJli-l ^jadil ^JLJLnJ 

<1^: (LjpU^łj) %jA J5 J UjJI ^5* ^-apUla^? Ć~- >aJLj Sjj-i 35-25 dJUlj^ 
.ioJJI ^łaiJI j-a a^J i— oil 100 jp JjL V U ^jip AjL^JI (j 




Ł's5l ,,fwfc< ^ 


**“*"* pcR^opy 



* 

’ f#v' 





















j VI t 


SL> Sjj j 


The Celi Cycle 5 JjUp 4*^-1 oL^ys,*!! ^£ .i n . ^ 

.4jjI yVl L!>UvU iJ^Aj (jJj (-as-lJaJ 

* j^jLu Lw*.' 1 -* 

Interphase 5~uJI iis-^1 .: 
Mitosis iU -^ .2 

<t>y>s ^j\ lAjjjj (<uuji) 

: >'^ 

(gapl) G1 * 

ol.y.^łJl i^pl^aj l^óLjj <j jłIi oUL 6-4 fjJuj (DNA synthesis) S • 

oU-Lu ^jl G2 (gap2) • 

^L«SjVl *!>• j* M 4 JU-jl 1 -a 







ljLJI-98 


Mitosis ^j..L>J> a 1 iiia^y) 

<ujuJ1 <\Xp *>jll y# JlioVl 
J^SLi <0 y* olJwaJi 
^LjjJl c^r*^ (fy* ^4^ 

^j'n/21 w^ipLiai! L$Jl£L£j j-giaJ y> ^ iSJJ^\ 

.(UjJI ^jłś-L aSj 

dLi-^lj j-s^l j-uJ oUi^MaJi y**£cS ^ 
jgŁJ ó\ j^jJl f-Lix tJ^jJ Lk*Uu^ (^AwaJl wćSĆJl) 

wA3-t (jJjJt ^UJD^I JjJill ^4-™i U 

* * 

y> ojUclmiI Ol JUu Lj^ y^\ Ljy o'uu^]l 
.(s_fizScJ^ Jl^j) 

^Has Jb4 J\ OjJj- Centromere ^SO^ll —c oUu-^Jl ^JU 

.J^Jl aajlj Sl^Jl P-Li^ <JL>-^ ^>-1 Ijlis JjjJil 



iSy oU^-sa!1 j>j-*J V ^uuJi <!>■jll ajIJj jjlaj 
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ąJUJI 5Lc> : J9III uaJ[ 


IJ i j id\ H 

i^ji ^JJl U-gJUj JfljjJ O* łwijljj 

»4-Lł^I ^\j j££4ji 










ójIjjU ,jii> mi\)l wLJI-- - 100 

Meiosis l ^Li.uJuVI 

Gametes IjpSM J«SLij ^ £yJ1 Ióa 

i^jJu lę ^c- 

# 

.Uiaju L^Jajo ^4 oL*walt .1 

j^4 Jp Jl ^pjj U (Crossing-over ^UJI) iliUdl oLiwaJI y* ^kS JoU ójl£ .2 

*(^IjjJ 1 *_Mfldl) 5 -bJj?- oLsS ^y 

CU1j *A>* Jl La^U i —jAA ya *3 

.(Haploid) iJwaJI 3 Jwł)I wwł ojj iii- J£ laSUj 


VI * Ł4AU4JI ^1 NlilłVI 



jJy C~- A^JwaJl S^lil 1 —AP LjrŁT.1 IJLjJ 

^yJS 'wipUiŁfl oLjUyflll 

# 

Ij ^3 «1 L^AJ l ^ </J BJ ^IjLbll 4 . ->l.i^ ^ \ 

*<rU^ J 5 ^ 1 

^jLłJI l^yg.wj y# 

yS JL>-I y> ^kiJl JA;) 

Xy# UlI 

oLi*vaJl jljil *j*Ąi y& —J ^ 

.*uiy ( 2jiiai 
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q»l>ll óLz* 1 i^Ji 


J łrt ; g Ił jłl ni Vł^l 

j>~\ ^jJU- oLj : «/jJ,l yl? 

# * 

.iJwaJl 4 L 4 Jl 5 jjU“ 1 Łjiił-I 1-ł^-lj bji C.JJ <Li»- ^ 

jO; (f .Vl UiM oLw i j^ SJbJ^ kljLJw^aJl c Jjfc O 

,i-flyg;U ^L*JUVl d^>* 1 S-UJLi 3 

( 1 . Jh/j'j^UI) ^L-*4jV 1 J^>- 3j^UaJI aJjb ^ySLc (jjj^ ^ysj 

■Or^ j' ur*^ V^l <J J* C^J 






LSJI I 



LjlJI 


Crossing-Over 


|ALmjuu iU Prophase S-jJlJI 21»- 



oL* r ^ll j-LJ < ‘ijwj**! ol^JajĄ <LL>-^ll #jjb 

,<L VJ ^Js* - <j 

* * 

0L * J i/2 11 -lJJ^L*J ^JlLC Law? t^-jj jJkSsJwJl 

■ jj ^JjwIaJ! 

t^jS^ll ^. l H Ujo d-L-oLi^J Uaaj I^Iłju ya 

« (l-flpA Oal l LjjJl ^yuyp J5" 


(jJsllil L^łsj y& JL^uuVIj 1 ę*J jp^jijj oLj,. ,/a.ll 4JU-^ll aijfc 

óoą Ijjjp j£ j£dJ (Chlasmata oUbUfcJO J^UJ 1 jl& 

jrjijLjl Jl ol*i?Ux!l cJu&l 01 Jaj otJ^ail yn Jl Lajuoj 








<clj$JJ °^.i ..Aji :^UII yUl 
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Synapsis: Patring of 
homologous chromosomes 

















_ylajJI >bfvUJI 1 ■ ■ 


.05 





.jĄjd I Ja— ^jki\ ó JS^JI iJut Ji£j 



D. Gentłic recombfnatlon by crosslng-over 


Recombmatton 



















































LU I 4 n 

* 


Gametogenesis 


.{Gonads) ^UiVl j j£-V) {Germ Cells) iidj L^ii-1 Ji^cS 

JS-ij j^jJł -Us-j (Oogenesis) oUajjJI JSliZ; óUVl Jic- SJLjJI #Ju ^JJj 

.(Spermatogenesis) olkJ! 



Spermatogenesis iJsLiaJjl Ji-iu 

JjUJIj l^. v3jj l-L; ^Ju!I -UPj is^dsUJI j*ć- <uikJI UbUŁ-l jjI&j 

iwiyiadl ^lwjj'ł/1 lj-i 1 Jl-j L ^dl tjUaJl Jj U J-^Lid 










IiJuLJI ylJ! 
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j£ j j&3 (Spermatid iiJaj) ujiSiki ^-jjI aJU- 1-L& J!j 

ój>l^ć>{j ^_&Ua> (Spermatids) ^-ijUaJl cJj* j^Lw ^ -Ow^aJI Łob-l l^JU 

jXJ ^ 5 aJac- ^ <JUaJ1 J5JiJ iJUe- <jl *J j^nil ^j Spermatozoa 



I SPERMATOGENESIS 


Oogenesis J < 

pUp* d- ł l ^pwL^C 1pX*J 

■JjVu «^:U 

^LpJłj^l Jjj j(j )gj Ć»»P“ *A»-je* (je J-AI ^ jUiol J 













109 — -- — . l>uI>£x^I JUSLJju :LJUI uifai 

tj\ jJł <*!>- jtf J\ Jjl j£ JUP 4 j 1 JvSJ 

^wUl a aJUJIj C 5*?^ 

i# 





















♦# 

Celi Culture 

ij^U /37/ A^jJb i ^j^-2 —3?^ {3 J CFT** L>l i J^~t 

(oijj^a jfrj j_C Li^ C?j^"0 olw?buiJl i£_J^ Js-^J ■* 

,^U*pV 1 ( j ł £?J^ł>-'j 

Ó j Jł^JI U}l^ł jj^ę V oLulj-Ul (j <£^531 4^*1 

.U-i 










<dj*lJ l&Ji :ujuUI vW!- 112 



a Jus jl pj-jJI (^-j .Fibroblasts ŁjJJl 

JJIjU IgjU (JaJii AjJ_1>-) uajŁŚO L^jM 


J1 01 ^jjJI jj 3/30/ ^Jlj>- 0V aJI^qV1 0^—OJJLlc 

.^ul^Jl iJLSUl dJJbjr Lł^AiA^ 01 .<>-j^JJl ^ 



ti Oji UgJl w 3jljpxl3 1 jl>- 4-^Lw?- i^jjjll 01 
/- 196 / (jl J>j*ł LaJJLC- *L>- b^jiO i SJtP^ <J^t *ŁiJ^U /93/ 
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.L%Jbdl £jjJI GaJI 


<jr* ^ j j' 2JUJL^ -bu 3 jLpI 





jlUJI LiL>- £jj 

* 

■ £j^Jł 3 - 1 * j jJj l U-Wl 4 ^Jip jjiij jJbM 3jJw? 4_sJai 

4 a ,. ^~ U Jj^Sj jl i?j^-j ^iJJij t^JUŁdb UJ *J /14-8/ J-kj j^JlUj a lJJ 

£ (34^' (J! li} V} aL*uŁjV 1 3 A 3 r^ b-Uc*j 

• lg-U tj£%a 3JLC- ^JU- 4 siiJlj^ IjlSLaj 




A. Skin ftbrobł^t oilture 





^uuuj\ll :i_snjU1 wUII 
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jp^J AJhLw^ jljJT /j^jC 

U J] £rbodjVł (a^Ii^ <^>- oU5l£) Ąjdcć- ^1^1 {j* o bulił-1 cuilS^ liU 

.Hybrid Cells 

^jb^J jJLij ejjjjŁ-l L^jM 0^ ijr^Ł^JI LbtM &X& jj&Al ^jjJI t 3_: j ^"- bu^5 lii 

XL§jL^n^ <1)1 Ua 9 t—^** j) ^jtuaiJI V 


1* Celi c ul turę 
Type A 
TK' 


2, Celi cufture 
Type B 

HRRr 



I 

Culture 

W 

Cells differ wlth respect to chromosom es retained 


Selettive 

medium 

HAT 


Hybrid celi 

contains two different sets of chromosomes 


B. Hybrid cells for study 














A j J * o 11 4J I j jJ I 

Formal Genetics 






Phenotype *■ » k »łJ) 

+ł 

Genotype I 


( _ f U IjLipI ilyVl ĆK V ' JM 
.Pedigree ŁUUJ1 »js^t> Jaia£ iS^jJI s Aa Jić j 




□ norma’ małe 
■ whriing maić 
O norma? femaie 
0 wh trfing femate 


A famify: 

J£ 


twoparwte 
thetr ihree tóds 


1LS ISLiJI Jł*JI : Ajl 












°uj%£jugJI ;iwJUI uUI 
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jl ęO a y>j jt L & aJ-fc i)j$3 JJ 

iS-i ^ASLiJI - k^ - J l ul Jjf 



Rrj&W 



Genotype 


genotype 


ptienółypg 
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JcukJI :J$iJI * i.~» - 


jj&Uajl Ja^łjJI <wiL>* ŁulSJl oUjlail k.4v^ -- 



The ABO Blood System 


iłwiTrp* 

( 9 *M«yft) 

Tm* 

(M,M} 

»m* 

(W.») 

Tm** 

r*> 

Tm* 

(W) 

Re 4 tfeel 

Sig®,^ 


r^’®A)/§) 


1*11 Sfffacc 
Fretem* 
{***•*&*} 

■.•r* 

AagghMgrotilltf 


A #vi B *og#*^ 


n«saa 

Aitifcaditi 

(fknMfHl 




tjfT 


bag^ufrurf onty 

3 agryutifWT 5 #?l^ 

*k) agg|v/>nif!i 

a & ag^ufaw 



ffc&fcś? ^\ * 


l V \ 

■ -*m ** * 

7 

s • tv 

•*etv 


s 


15-20 

5^10 Hi 2^25 
UMS C ^30 


LoJlCi B op>ojJI ojjo>II ^sOLob- oilAsuo 












Ą^otgjgoJI :CjJLJI w Ul] 
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5-ŁŁjlH Ż>SkUŁ JJp4J 

^jja >JL£ J*US jfuill Ul ólj^Uj oUj^IL j^iJJ J#jt 

.iijUJi 5j^vi jiiJb a j) .uj^- t j5ś^ 

jil J^wJ] 5 XJlP JJ^J iiU^J 













joj&jJl I JsiM < i >« 



.JtijK* ,3 ŁyljjJt 31 bLlwtfl Ja**jJlj ^yuĄ-l Ja-*Jl Oj- 

śW^Li-l 4-oljjJI w 5 jJj (JjJiJl oLSsll jA £3 jilj *wl j 


fcttele tor purpkr &mov 

| 





A lidle ~to *^irtr *3 n*w 


.Alleles JjWl c.. : .c-j i U> ^ ^^1*11 JlSL^l Oji1i>.I b 













Co^uJI :cJUI uUI 
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(CjLjLiH l)L—jVI) A-A-^aJI aJLj oLjJa*!' 

: U ęśy> j Jj Wl ^ £*jj JSJ aJu£Ć A-^>. Jslil Aj^Aj Aj' 

.JsWł Jb*v JiUu .1 

.(ÓUI^ O^UI) .2 

■>Vl JJSU o j£j}\ .3 



jj v_i5li£ AJU- ^ Lj-tuij j~*j 0' aJ15U} Ćj* \ ? tjZ- jJjI? V' '— iŁijtf- 

ó JjL*i aJU-' (j <0-g>- C>JJUr aJU» *3 *^i Lj—*j uM <Jl»S**l 

SJlUl a!U-I j j 

*}/ AjIj Ajjjj«Ji Aja^^i' AS.1 -*"*“*^ <oU*«J' SjAUŚ jl 0^“J 

.^Jr\ ^1* > VIJW* 
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JojouJI ; JsilI »»*> *)! 



5JU-I cu*p-> wiJli SJU- Jj &Jj >-jJ ^—mwo3 <y° Os^*^1 /j-* lij 

ojL hw J Ij 

: (ABO) jaj 5JU- ^JcU^I .Jfl.nw.il JjJj 
J i A ^fJuiSU 4-^ijJlj O Vl >- ^ ^ O i B t A Jj Vl lo JJ 

i?U^l ^J*P LjjJ -^lj ^5^ j jPJl {j* j*^l ^T~J lij 

.41* i^\ J*UVU StAi JrtVl lii 

.ABO :^JJI aJW J JLf 1ÓSU j 
.{A ^jJI i jA i^glac) AO j AA 0l~4~l óUś-^-Jl 

.(B >jJ1 3^*j Lł-gJair) BOj BB 01*^4" I ulla <> ■ II 

.(AB ^jUI & j^j) AB Jj-ą.JI 

.(O pJdl i jaj) OO ( jj r \ Ja^JI 



































^jJŁgJuoJl <uljjgJI :cJLJ[ wLJ) 
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jjjJljJI 4^UąJI J»UiVI J>t 

Jj Wl oL^ j> jl oIp^łjs! ^JLp 4^A-I Ji?UVl jl 

* 

biz*-! dUij iey> J£ j J^-'j fj^r ęśj£ j^»$-' £ j -Ó^L^ -U* 

,<IJ-Uil (jjyljiU 

- * , , 

JJL-;?- ^ ^^1*. b yry> l j~J r I ^j^ll l)\Ś bl Autosomal lJu> iazJ! *bu 

^ ^yic- £Ś jil 015” bj Sex-Linked j-k-lj Ua-J jbu jl Autosome 

.Sex chromosome 

0 0 

^ya JssLcI ^_C Ol ( j t S^ jC UjIŚ jl IJjLuw Oj^j d5 On^I OI IjCj 

ŁjlJU .1 

.4^łU11 ,2 

3 

i \ j>JJI Jl i —\ L*jb JJ&J V .,n\\ <UohJLl Ot bej 

> 

j* ja*JI lift JUjftl _,X.' 1U lo»- Jjj y ■*__—'/ -U ^Jl oLslI o-U J-ftp jl Uj 


Hairy Bara: Gom* on the Y Chfoi>u***mo 

• fuA’ H słHiii-ib^di*'<iUi'l-'<>nlhv^ ilwiłBUłwWt'|of 
łMifY cvirv 
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^oJ'5 Wl :J 9 ill 



i a I". £, t II tijL»ojJł ^ l±j j JljJI a \ u" ■*■ t >t I J»UjVt 

ol5”jLil oVL*^>-l ii»*i iiliA jl jl£- i ‘SęjyĄ 

.ŁoJłjJt JLJU J»lrSU 

& 

jjs ^1 jjlc- JJ^U Ojn^jJl JiU ij>-j 4j 3j i oUjjJl Jj 

JjUiJLa t_T^ ^jjjJtjJt J^i J^T 6j 5j 2 ol^jJl J Jb^^J 

ajjŁ ^*jJL| 0^>*l j*b 1 ja>*VI (JjAM ^gb Llfcj JJVl 


Ł i- ( 

■ 


bl bJ blł J r 



bi-bl bl bi 


*■□- 1 



blibl r/ 


3. j ;- 1 | 



t>ir> W|> 


s.; 1 - ( . ) 


1 i i f 



F/ ff 

A, Pówible miting typc\ of gmoiypes lot twoilWw (bl domtiwnt ovet r) 









































^jj%£juoJI oj\ j3 }\ :CJU1 w Ul 
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a* A Offspring J**Jł 

J—oJI o]i (aa) J^Uiju y*Vlj (Aa) oy^jJl ^ -1>-I ol? li] 

.aa %50 j Aa %50 

%25 aa Łv«j ^Jydl J^jJl ^-jjJ O^ś Aa sw&Ju^ 0^ lijj 

,%50 Aa j %25 AA j 

ols aa Cjj^jJI ^JjLwj y-Vlj AA JjLou j^»I q\ś li] Lal 

.Aa frjj aLoI^j 



IjiLw iUt ujjjj jjjJljJI iX> 1 jjLS lii J^oiJ 4j IS miTI 

ji JjL-JI ^JJVl J^JI ols ^a j^*i/ Aa jl>-I o^ ta] 

.c/tfU-l 

i CjV \A-\ 3/4 J -1jL*JI oU Aa ^jJljJl olS* lijj 

.aa J~JI ^yL Jj^ej 
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JoAilfg WJ1 ol t oJI 


<* $ ^ ei \jiL Jjl—!l jU AA yj jJlySl jl? lii U' 1 


Aa 

aa 

Aa Aa 

AA aa 

1 —i 

!-• 

■—p# 

T* 

1 

1 

1 1 i I 

1 

♦ 

♦ 

♦ ♦ ♦ ♦ 

♦ ♦ 

Aj 

aa 

AA Aa Aa aa 

Aa Aa 

C Phenotypes and genotyp** In the offipring of parents with, 
and a recesstoe aflele a 

a dominant afłele A 


^Jaj o\ y?Lc Vj i yu <—d yp £jly ^JLa 01 tJbl jL^jJI <^j£ 

.^j_rJI -dJb cdi? ISj <w?U-j U ililp 

J O^jUJI 1 ^lj Lii? iijJI yx v>Jl& wj» yuJ_a 




















u**J' 



aijjji 


Autosomal Dominant SjuLoJI 4j.v m>ft <u )j jJ ’ 


IfU ( j£Jj sJjJS- «i-f; ~ 

. jS- (J-iw SiLiJl <}ua II jV jajJI 0^ 

if rf f * 

.I j A* a^jJU oU)Mj jtfż JJl L^Jl^ ^>-Vl^ Lwid 1 oj&j Lo LJLa 


aJJU ^jruU^o *ULiVl jI^ %50 aJlJ jc-wLa^ j^ 3 iw^L^aAl ^TJ^P " 

.LSU! ^ I Ij^i t. i- 


normal mother affected father 




D n nn D n nn 

liii 

AFFKCTKD NOR MAJ, AFFECTED NOittfM 
fum ale mak mak famk 


ÓJujb 


uJLaJI <\tujJo 











‘Vj.Bfg.ioJ I ‘iiljjJI :CJLJI w LiJ I 
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iji jjlj ^ 


ii 



1 

rO 

2 

ijO 

12 3 

tO 1 

4 

l c 

5 i 

□ 

i 7 

i 

8 


mtółó 

12 3 456789 

Pedigree 1. An idealiaed ped i^ee of a femily vitfo fc^^hotesterolemia, au 
autosomal dominant disease vb®re \łm łietero£yg&te has a 
reduced number of functional lov density lipoprotem receptora 

iJJjIaJI j> jJI J5>uwJ55 bj3 óJbJ ói/kJI ó^jłiuj 





mw/. .wamu, 

frn(r& ?ncr/f rtifljf* £*uz/e 


































SJI 
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O-pdl OjI^I SiJN-iliJI ŁjOłjJI 


.a^jJus^ 3j>iŁij jLcj Olf IS| ł_jL^s!1 i JjUa!l ijJij jj^SÓ £)1 












ću^OjjJ! iCJLJI uUI 
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y*j iyij jrljj JUi»l Sjljjj Vj iJiUJI SJIj^l j ^r'jj ^ 

JbLoJu ijL^l Ol joJjJI ^ ^y* ŁUtfl j^U 

* 

,(Or^ %25) <JuIj jl SJUJLi 0 j& U Uli 

Lykll? l*JL* j-uJ ->1-x>-l <j jJLJI ^11 j^&Uai!l ^Ju Ol 

♦ Nori-Penetrance JU-^JJOUL Syt>UaJI aJl& Ig—oi j&\ i^-db yU *JLJ 



DyO 

i-rO Dr4 ÓtO 


II 















133 


:lsvUJI C**oJI 


iJlfcj ó»X>~\j iljLt jA^J dl ^j-e AjJ 

,Variable Expressivity * 



Norma! 
Hands^— 




Marfan 



/ 


Elongoted fmger and orm bones 



{ulŚjU eUljiUlł) A>]$ [jOjaS ^fthSrn wl^Lfcu 
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SuSuLJI >"i>i)l 


Autosomal Recessive aj a nr * t ) aj)j$J) 

ćs4' <J-*^ Ce»- J ^ 

‘Utfi! 35) jj ^^wll 






















































4jlj>JI ICJUJI ljLJI 
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: J-Jl J iJUl —Jl ^^ lS^M 


Jkb óy\+A* Oj^jJI jUL*JL« 25°/o 

* 

l^ytUp ^jpAw J Lv 4 < 50 % 

jJjUwa 25% 



Autosomal recessive 



U.S. Njticnjil UbiJtry of 
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Ow*>- tir* u£- 4 " «—iLiis^ 

•ę^^b 



i l j5w« jL*£-I 3 j' ^*UiiJl 3«bJu*i ii^laJI *i_£j iijj^ll 4 ji?I(jLs UU 
♦ j^JL* Jkji ^yj jl <UJU ^Vo *w-j'wall J jk II ^Jj ^ Jlij Ld IJlŁj 



Nor mat Kidnoy Połycy$he KWrtey 

.plhoJ] gjywsu ^oAi wLuaSJI ó^jum oJLSJI 





ąjljjJI iCjUli V UI 
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f * 

•ij0 jil JJ4^ ^4 jO IjJaj jj iUiJI (Ji L^^Ji iJlAj Ij^aUś 

Protiferation of Autosomal Recessive Disease 



I. 

II. 

iii. 


I 

U 

111 

1Y 


□rfl 

E 


a? 


IOEIDC 

1 2 3 4 5 6 


j-itj Consanguineous Marriage ^^*11 
JUw^l «JJmj *^jd jll tj 

.<*JLjU ^ (LjaUś l jfc»L-Jl) i.al.y£ f-lil 


OjO 

i 5 ! i 


CHO 


ĆOjOU 6 & r- 

ńiń i “"6 ń ® 




Affttlet* 


n^O tons&ftgtimeou* matmę 


<Ti 5 ~Ti 
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^>oJI ojuj>3 


-ijż ?jil ó jsH^ 3 ^jJ" ijr^i-l ol^ Lq-b 


RECESSIVE CONOITIONS 



Frequency ot 
carrier State 

Freguency ot 
related parents 

Cystic fibrosis 

1 in 22 

very Iow 

Phenylketonuna 

lin 100 

1 in 20 

Laurence-Moon-Biedt-Bardet 

syndrome 

1 in 200 

lin 4 

Hepato-lentlcular degeneratfon 
ł Wilson ’s diseasei 

1 In 500 

lin 2 


{ j ^>jil j->UI ^ (J (J^ 7 ! 3-2) jJjOI l O^tóbJI C-olS" 131 

^jj ^ ^ J 

















żCJUII vUI 


140 



jJ— jJI O^ś 

t-J&Z- ÓjSL- (%100) 

* ć 

.LybLt LJ.^j 0^4^11 



<jru ^ Ji ^IjjJl oJ iJLji qvjlvŁ* bVji ^*-1^ ^p-l j-* 

%50 jj^jllj jil^sl *w«j ,(^LpaL^j '*—^L^z» 

,Oj^p1 jik£ ^Ulj i t*Ujj 1 

♦ ^iiJS ĆjjJj>- ^y> 4jI jA. II ^1 Jj Xj^j 
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LhłjąJI ÓJkjJ>3 IlfuLJI C j a JI 


cLOk^jo <1st^iU) 

k_Sjj_i_i.o_0 l jJlC jib I^jJO JS (jSJ3 TjL>- ÓJu-i-C A !^iiftJI Ć^LłajJI oLyjJI _XSZ} 
L^kJI óSLldl oLoJI ^ńJLidtJ óiLiJI oLl^^JI u_o f:>_u: Lud JS 

IgJLowtj 

OjljiśJI slpjtj *fJjl * tlili 3 ! 3 -fLuJLiJI 


Sex-Linked j^ju^JL a Ł*> iułjjJt 

Hemi-zygous o^jll 0 jjSjJI Ol Uj ł X iUJl u^l 

jj?JUł dl£- .jj c5^3r^ JrJU 01 ‘U-^JL 

, 4 ^X 0 ŁwaJl d*j\£ lii (a-iU-) Jaii 


.Xil ^JŁJ jj£jL!l 4 jL^?| 01 jJOJl i 3 XLj 4 i nrt II COl£* lii '^S iW?^l jp^j-Łt 























:CJUI uUI 
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J-q^X ] jyLy 2 }\ yo Jaiś JL>-lj) LjJłUp 4jmJ i ys>yd3 iJLSlj O^jjl ŹJdźć- JUj 


ob^ił L^jUj <-ó >,^n Ji-d H,fj.ł *ulx£ JJŁJ 

J ^ ^ ^ 1 - . ^** 1 I g I^ J 


I 

n 

ni 



. j^U<Ło i 25 % 

.Ó^^JLal J 25 % 

.o^iU (iUI 25 % 

■ dU.J.iUI 25 % 

* & 
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jy^JJ iiilJ ^ot j^JiJI ę\jj JUi^l 3 jLj j V 


t 



3 


: LJ 1 

* ę U [ JWjfWW 




,%25 U^L^o ji 


II 



%25 ó^aJu*j j 
■% 25 o^U óUI 


.%25 oI*Um iU| 



/ 


eUsLj uLaa 




r^ %, 0 O 




{jaręOfis 

60 % 50 % 

maladfts toina 


Łr-hJ -» -ł 

TWWyfl 

50 % so% 


coflductric*s 


mI>Lm oLi^I * ń.n \$ u^iLsLo j^Sill i ft.ni 


JI jSUJ' śjiJaJI J.^ lPJj 

j^Sśj Ć-~*- <*J—! (J^i 01 j^-5 '-^U^ail (j OjJj 

j£ 

■ ijybftJLtf JJ^dJl Ol*)}j\ JjJjf Ł Lłl>- O^ULł AjLj 
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G-L1J3 <^1^1 :a\jUl ijJYiJf 


±Ju&J U 4 JJU 4jls X£r SjiJflJl 

L*^ jjSMJt 



.ij)jj-H ó-o jrii^-c-Jł Ijl^j aI^U^JI 4ji»lj-oVI (j-Ł aH-^V ł (jA ti jjpLi U_*Jj 



;^LJL uL^LO Jjxb tSjJ JBUjk^j |>P^ AAi >JwXliJI >oJI J^OLŁfr/ JL#JU*J .P^JM 
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O Norma! Female 
€) Carter Femaie 


CHU 


tfctoria 


Edward 


Victona Albert 


-□ 


Norma! Meto EU 
Hemophi&ac Matę 


i-n 6 


OtQ ®t 5 ó ń ó i\o 

1 Alice Louis IV 2 10 


Ot* 


Leopcid Bearice 


fibri Ł 4>tO 6 6 ń 4-a cho 4hj ó ó irg 

I 3 AJra I Nic holas Ił 4 Mary j 7 \ B 


Helerte 


6 m\k A A A A ■ 

Olga Marie Al&ds 
Tatiana Anastasia 


1 Victona 

2 EdvMardVII 

3 Ireno 

4 Gecrge V 

5 C-eorge VI 

6 Margaret 

7 Victoria 

6 Menso XIII 
9 Juan 


fi 

<i-niAbii6 A 


| ó ń A Dr® 6 rO b 

afl assa$smated ^ 

Elizabeth I 


Philip 


■i Ar 


d 


Ord n-o □ ó 


12 


11 13 16 14 15 


óh 

William Harry 


Juan Carics 
Aletfandra 10 
Charles 11 
Diana 12 
AfuJrew 13 
Edward 14 
Anno 15 
Sarah 16 


JLo-il I u-o jujloJI i jjX> L^3i9 44loJI jj g UJl ^ 



( J^aJI co U oj^Uir Jut* jaJJI Jlbul) JI>aJI jb 


*r% 0 

<J 6 

, rp 

8 

0 $ 
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9 

O 

" °0 i 

^X« 









































147 


L^łJI 


» 


IV 



'•' w V □* 



O* ffff 


On 


cUrlj$JI cuJLaaJl 0^ tb 




U$JLoJl 5>S>N >*XM V wLaaJ] lUl^Jłłl iJNJ0X 
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j,g la" (jł X JUp 3jp>-^I1i jLżJ! 1 lol 

JJa-j ^^jJI ol jjt ajIjjiJI /ja Ijjł yjz U ( j5śJj **I^«JI Vlj 

j U^j Jl Vj J4*?**- ^'U> Jj j^J.1 

.UUJ j! IjjSj ^ - - ^'' Jl ^U^l I A.jal l ^j*i/l JŁj Cj^" 


] 

II 

mi 

iy 


°r 


4 'm 

Ł'f sm 

) i 1 (57: 


Atfecled 


0 qjojjjjoJI ÓJuLudJI cOlj^JJ ojjlc. 6 j3 gjuJ 







hUlśJI 


o^JuLL* 

Multifactorial 


(Polygenic ^Lu^J! S^jull*) 

Ol siLi Sjjjc* oli> L(j-i 

.AjŁjj 
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dłrygotic 



#\aifra 




erjwtłdfwnfint 


iJ’iiquo 


/ \ 

untfjuć 

f>nv>rcnirrtńnt 




V;* .' 

'H 

f;■ ^ 




fc r *: v w-i i 




B B 


_,-- ' '- N 


• » 44 


tnKjija 


\ f 

iinvqvio 



\ / 1 

gęnes 



0.& Sł^fEKl 




tJSłWS 



*Uu*All alrlauall ^ 


^oLłJI LaiT ajloc^ JLaijl ajl>_J& SjIj^JI aJl^J 



t 'ji ■>cH>* (J %14 JJ i %4 OJ 

.(^JJljJI ji J-wjJt { j^> Otaji) iijWl <j 
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(oLpJI ÓIJSUa) Ąilj^Ji ICJUJI O^faJI 



:Ju£ ój^J O^/U-l {ja j 

olkjJtJ 

.^1.j^JJśji c1>L*^JUj 

























g,^g ;aJ| : OJ LII yUI 



xjd\ E,LoJJI 1^0 .***£ tj^r ^UbjI 



(Łjla-cJI u$*c j^bjo) £UjJI yU 
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(oLajJI OaAgjją) J-oIjjJI ńiASŁuo luJLJl CtAsJf 


3 iljlidi 3 oVU-l JU^=-i *^ju 

.Aj^jLII A>*j^ JsLojIj lLU-J <Lv*J &1 jl^jj 




_^l 0 ^-M. ^H j 1 i—^iSTl ^ 3 ^ 3 łJ^' (3 Jbji \*S 

. 0 j^jj 1 JL>- 3 i 
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A£* wi^JE i (Jli-1 ^Jh l ą.^ Ej L-J> j g 



Duodenum 
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(oUęądl 6A Igin) Ó^JSilo «CJUJI < ■» >« 11 




y£* ya IiAA <1H 

ti jjLJ\ *IjJ1 

la* yg)' 

■g-r^' 

.£t „..^L^.i'i 



lSjLłSIII i_JLbJI tb 



j»LoaJI 
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; ; 1 &Ak w«th norma! nwtcchorami genet :"■; Frmak wich norma! mitochc-ndriai gtnes 

| Malt wish miiochondnal <Jiseare gene Fetnafe vnth nutocbondnal *Jis<a$t gent 



i i 5 i H 


Mitochondrial DNA Inheritance 


Mitodiondnai 


UmflfM **K3frC «KłM LPWcV4 

EłTłf l*rtf <n@*ir 



D #**e**€ 


V $ l&KrftAJi Ufrfjff *? MłCfÓt»ł 


Qt 4 fcrO 
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(o Ui.gr II ijiABio) Jjolt>sJI OiJJiLo :tJJUJI C*at*JI 


jiV <i"i o 1) LjJI 


Celi 


i. 



ErcSoptaslir. 

relcutum 


Nudeus 


appa/atus 


ONA Aminoacyl tRNA 

połymerase initiation faclors synlhelas^ 
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IjjJt tiuj 

t* 



The tnheiitance of Miiocbondrlat DNA 

ECO FEFTOUZED EGA 


MitOOHONOflłAŁ ONA 


M Oił of Jflt > oerh?\ jfC totaicd Ort DMA moł* 

tnśH w> tik* tv\t fH^lću^ Mitochiwdrii. tłw- cpotuiijed 
tuutt tiret thjt puwidr reJH with en#^. j>Kn tany wite 
for Iheir <Mrt inMrluuirf Ort A («XJ ol DWA Whert A 
Yprim jfti Art cett ufirfe, Lhey tonu ibyi* *quJlly lo ił» 
DNA m ihe nor l#ut of ift* re tulting celt Af( ihe miiot humU lj, 
jrtU iKe DNA ihcy tunUir, fitrweter, cieriw ftorfl ihe 
Studm of mitochondriiłl Dna <dit rewjl aa iitditkhijl t 
muttfrru[ iUitetlry, 


Materna! inheritance 



Tfaree słblings mherited disease (f); Małe did not pass ii 


on; hvo femates did; 5everitv varied. Notę (bat chiłdren 


from i li i r cl female patient did uot reproduce* .Hop? can 


you get tłiis yarlablUty? 


AJjJ^LoJI Aa)j>J} 


iii 

f. 


. Jais oL^Vi <yJ4 ijJLiJi — 


bjź* **\ś A y r ^ - 
aJ—# ^Jl y?'jll yUaii yVl JJiU ^ - 



















JjłjJ) L^.i->wJ ) 



Consanguinity 


i— ŁSIj^l ^ ObjUŁU O^i Ofcij* J^Vt W 

jjl < - _ ,* 3 - L^ 

LLJT i JJI 4—*£ łjjjjLI 0IjjV1 JaĄ j! JUl^l S^Uj tiili iS^M 

*ii*—iX**Jl ^jA AIjIjJ 

0 

.iljjj oU~i-l <J iijlixJt l^łaj j W J) ^j }?jll j_^_U 

-5j łjjiJI jsL^jL 
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<\ 5 >^UUUoJ 1 OU*jJt *WaJU 


1/2 

ol^£>l 3! tbl 
oLi 3! tLjl 

Cj 13^13 Ó3>1 

(j^l 4 >,p 

1/4 

o\JL> - JE^l ~ oLłc - /jUjcI 
cł>\JI 3! jAll oLj 3! ^3! 

*L>Vll 

iU>i)l 

ol*>Vl! 5 I 6^\ JiUl ! 

*\yb 

1/8 

qJ33idl 3I ćus^jiśJl oLm 3I >V»t 
tlAll >L>[ 
iUo-\JI iVjt 

otJb 


*\ j+u oLlJLI j ^JjLijLJl (jl SiJUJI <>*jjJt ii^s JjjULl \^a _Lł>-^u 

... iJLjM ji C-Jj ji ^aJi oju* i 

*L*j t ŁjJliJlj ^Vj 1 ilyi jiJI ^Ijj oj. 

j A>-j3 Ljj$ £Jli i>-j^ Uyi JjVl 



joJLcJt u^sjuj uLcła lSjJ QjI>oJI gljjy. u^ifto 
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wUj^tjj .Inbreeding ^jjUŁJI ^ 

.Uj-^JLj Aj\jjt}\ jJjJua ( _^JLC' 

.Incest £-U~j wVt Ćj# j\ *i>4 j Ctt jrU^' Lf 6 -^ 

^jJ-UI (_$lfr j^aiŁ) jjU ólj ćti ^J»P' L*l 

.1/4 au-ł ńJjŁ j oLui-l lljLiJ O^SŃjj 



JLw^l jlj i 2/1 SjljiJI j^*JL* IUa lijLijj 

> * 

,4/1 UJJ^a J) OjJ^^Jl J5Ur 

.^"L>. 8/1 _, ailil i^jjJI ^ U jtiljlia 
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Linkage and Recombination 


. ^ jjL>*xU Lvo j\ JU*3jL 

■ Lo^uJ OhUaJ J <if? 4 \ |jU A^ L hhmJl I Ca)^ 
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taefore recombination 



^ (>UiM jL.*SL4} 

olj^JJ 5-bJ^s- 


after recombination 



i <„ U1 L^J^j-!-_ i Jl-Jl^.- i j^L \ oL aJCjp 


.'U^U 1 Jry AiU^v*JJ ^ 


1^1 ^jl jj jlś 1 jl£a j .U-, 



Crossing-over and recombination during melosis 
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E3 i>Lu;yi ;ouuoUtiI 


■ i. aya.M ^UcJI cjj* Jj>- J5wJ1 


I.Cytologfcal event 


2 , Gtnetlc rtsult 


Parental - 

chromosomem A 

im .... 

PafftnUl 

genolype 
* (HeUnwygi 

Aa and Bb) 



LULlT 

Metoils 

With out 

trossfng*over Crossing-o ver 

rn m nim 


"lii IsJ 

rn b i 

c—> 


locus A 


Lotus B 


I 

^ Mfiosls. 

W 


1 i 

Gametes 

m m 3 m m 
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li uj 

Not recombmant 


A 


a 


A 


a 

a 


b 


b 


B 


nr 


Recombinant 
A. Recomblnatlon with cro«łng-over 


Not roeombinant Recombłnant 

(same as (new) 

parentalgcootype) 


.B SXLi AjJ—S jJiiaj ¥*3 A ^w?jj 
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ójj Jij (B 4 jLJI ćrJ*-l #jV/ {y> 4jVjj t_^Vl -Up 4jU^VI i j>-j Ji>-Vj 

ó/UU- 1 j^JUi ^V/Vl U fAJjlJ ^ a ^1/1 4iVi)l ^V/VI ^ JS" 

,{a *1jJI Vt Ijijj -^3 b 

» ( 4^-^ vi\j V) 3.A5LmJ 1 S^iiaJl <— ^Lp 3 JJVl ^ j 

jU JUUj J*UjVi *UJI J1 jpi ^jddi o dU JS^JI ^ jwij Lx? 
^UUj 1 3JjLJI ijiiaJl <_jLp SjjjJaJb JUj ^*^IjJ 1 a ^jJ^I ,>j^-j 

■u*/ 1 


* 

dr® jr^ę *4r^' ^'j/' J '■**■ (H* /' oLji-l Segregation j*/ / JjP u' 

.j^/Lc -p JSLij tr^ r^L) ^r —^ ^jl -> *>-j JbJC^ 




































Segregation Analysis 4-JljjJI k^U-ujfjJJ JjLłII I 

i-oljj oUwjIj^ 01 UjlII jpI y j i-oyJl ot^iiłJ ^j5Ś_c 

JuJlO <J SjiUJl ł^jLp ji J y>- SjOmL* j~p oLjJjua 

Dtsease Locus ^iy y \^śs ^JJI JjUJl JJl^iJL L* l-i*j 

<ji UflJI ^yLl -1^- jij oLfl—ul^Jl 

cjUjJLjmi Jy^Jo y>jli u?, l^óc 

AjIjjJI jX 0^ Ly OJJij ^IjjJI i jJp jll ójj^- £$jj y>yA^ 


d ja Luli I AJ JuuiOtiJ) Ajlj^jł 

JjLO (J Jł^-OL U£ i iU ^ jłJ ojb> ^jjy y 3 jl iUlp Lyvi j 1 sl>-*^j 

,2j 1 J5VVl 0^ j-^^JJ OjijUi ixi ^JLi ( J5LiJl 
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01 jy jjrCotj ^-Vl JlI 01 ii^^b (JjlM iijUJl tj 

,2 ( JJ^bJ Ojj^jJI ^LoJU <—^\ Qj£j 2-1 Lj wO 1 1J WJ^^; 1 ■ ^-'tb^ r 

/1/ 0^ OJJi ł^^dj 0*i/ jrp- (J /1/ dybali jljśVl 

,&JLjUJ1 ó jjikJl 

,(5) j.1 \jM\ jbJ J ^JŁkJI ŁJl±Jł aIsUJI j 

vUyJj S^Lp t— r «J! IJ^Jj oIaS^j ^J\ ^JjUI 

.Ł—&H jjUj 

4rj ^ T< ^ 11 4 j „V I *> W t 4j1 Jjjl 

^bU^Uj ( j f 2j jlU ObU^ 4jbUJl Jj (7 j 4) J^jJI j ^uLmsII cjl ib^b 

ja >—^1 Xp /!/ <_yVl 01 l*i&j X Ł ]^jVl *!$£ jyo flUjj) /1/ JJ^j 

/i/ jJVij ^'juij ^ m jjVi ljKJ-5 -bb \j j|yVl bil ,£jibll ^jll 

•SLiJI OyM J-^ ^ bli ^LLi^l Xp <>yry 3 j*p /2/ ^JJVl 01 b:j .^jJIj ^ya 

AJjS" yj ^Jb i—'UrfŁfl Jy ÓJ> jJ 1^—IfbJl 01 wij ^łi iJlJbi ibUJl 3 bel 

72 / JJSU JJUu 
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j^Jt 4jłj$J! 

,2jl JJVL J^T Jaj JA ^3ji JjUJl jJUłlJl f 

jJŁ lJL& <j) ^1 jl> ^ /!/ O j^J^Jl ji a ^Uail *5 j^JlI 1 Ji>-'^ 

.SLUI Ji£ ^JUl 

(6j 2) oU^M ,/2 / JJSU ,/ł^. ji j^iji jl 

jl Jb V jiLiaJi o^iU ^j-gi (2jl) oLłJL^- 

*c5ŚJj /2/ i & 4jV /13/ jjiJi JLlP- ówb»- JlI 
















: H t t (^4 ^Jl 
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aJi^i oU-ji £ 

« 

ijiw-Jj 4**£ Lgj^So 4 J-I łw*ipl Xp ijjjiJI jl oł 

JjwS^j *\ŚJ}\ ^j^aj dii-1 OjJj (J^laJl£ SJjJIp aJL^uSMj 


*****^jUI JaJwzj 
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urysjtofjtioiy im Jbav* high tutptiuoilly 
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j oLo^łJI aUa jj^iC V 

.iJjjJLl <oljjJl jryl^ij lX^j oU—H 



Heigh! 


b 

■ v»lu#s tor th# trait 



^|>3UJ Qjm£}\ il^£.i)Lr ł >o!JI 1 ó..j Ujuc UwU 8^ ftJ v ćiftL^uJl oLguujJI 



■ JiT ^ aJIjjJI jjpj 4.U.JI jjp -UU,^ Ul UlSv£ l j^ ł j 

4oa£J 1 oLwJl wibruj JbJ-^ 4 jIs ,>i^S*!jl <iJJi ul U[j 

. y*Jl &3-UCU ji oU^A-1 óX>J-Xj l oL*~Jl <sJU> w^ilj>- 4J\J"1 ^y^Uj 


























173 


oLŁjuujf ^LiuoćUI oUj\Ll>\J! i (jjji LujJ 1 1 


£_jJI oLj j; aJJk <JLJZ 

JJ4 OU ^ /90/ J /40/ ^yJ-JI Jjbdl lJ^So LaJulC' 

JjkJ' jO^i j^i 

.j-aaJIj ^ ^ <J^ J^-' J,? 



Ft generatfon 


F 2 generation 

-.Jrrff 

H 



?3 gerieratton 


i® : . 

ttkŁ 

[•"•-•'•- tł 



mm 


sshort 


Parentslong 


A. length of the flower of Nfootfamr tongiflora after a cross betweer? dlfferent 
typesof parental plant s 


0 Uj 1 ł 11 ijf* IajLi >-1 jł Cr* Ux^j 

<J^iaJI £jj? <J AjL^j iwiJli LjJJ jcj j2»ćza1\j 

• OlioJt JfU Jj-Wl (J jjfllll 

T i ^ . ^i i gi « ^ cJ **$ ij 0-U 3 C^^- 
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j in »lt iLfaL h ^ JI *-§lj-ę-Jt ^łjb^r! a * ni> t> £j^2Jł 


t jUJI 3^Jcil ( J^JtJI Cf* ->j 

,aa j AA o<JJL£ Cś* uy ^i^£>-Vl ćJJSj JL>-I j 

<3 *iJUi^ i ia-^jJl *31j^-Vl ^lj t ^^ISwJI ix*jJI ^j£- ijjjUt jIJ LJlSj 

^5U,l ^jju; Vjj 4h<wJI o V Jjti ^j^Jl 3 ^j»j ^UJI J3-1 (3j -cJj^I JwJLl 

-t-Jjjpico ^u>* Ja^Jj ^iSLiJI Jł*jJ 1 t Ji£ ul 


Number of 
gem? pjir* 


P 


Ft 


*2 
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8. Drstribution of freąuency in (h« Fj gengratkm with * difłerent number of gene loci 
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4 JI ( j*x#Vi ^**^1 4 ^ 3-1 ^sijli j>tj uj£ 
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Gaussian Curve uL-- ji- L ^e- jJajJ ^il y> 4j^ 5 ijLifi.1 ,j»JuVl £jyJl 

.•osLc- ~*ss- 4 i '"*»- ^ o Li_U ^jtnUaJl ^ y^ Ł-a y&j 















































175 


<^j|j£J| oLojuuJf ^s3 4jrj(x£JI oliUi^JI i^jj^LuuJ! ux J i 



A ”Nving histogram' 1 —distribulion of heigtil in a college class 



Norma! distribution “ beli curve 
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Helghl (tnchesl 
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<U—JŚj j jJaij (J 1 p' X* ( _ s 4^j Lj^aC- Ux< Uaś- b.-j?. X 

ójLuu.1 olśl>Uaj i^w> y amujC j j^SLc Ja— ^ll Jajbi 

JjJj i-il j£\ 2-j 2+ Ła-JaJl UjjX- ^jl^ Standard Deviation 

fi 

£- tiJJi ^jL>- ^JłJI 

,^l „.^Jjl iajL->j JjJajlf OU^JI J? 

Polygenic Threshold CjLląJI sxjx. a m * 1 ) 

lij Ajl ( j p £? '^il clJJjJj jll AnJjli JtSLiJ i J' LfJ UsU^J 1 'i ■■•~^ > * 1 lJ 1 ^ 

aJ ^ <li Jjj jil ajljoo jl aJuUjJI cjjt Ojjl^ 

iJLi- 4™jJL 






FifSti 

ilfctjfflfT 
■ o^Ilw^ 

HlJUs 

ffemate 


1 1P& 

' - 3 >K - 1 

■B ^ |«pni(dllTH!filiiili)imidi I 


SwtKjmłł- 

3Ł 


IttitilNjtftulttam.* 


rVQBBJ£lęUl> 

ałtrfffeti±twd 

m(SvfiiiAtev 


F Suit- 
dbzntm' 


wm 































179 


oLoJl kisili ^^^3 s t svjłhJ q -H £j5ill :gjL«uJl iLaJI 


.^wL łJwi i ^ \ 4s>- /y i ^ >i -j L<w3 ^yl—Jl ^«a 3I bLuu^lj 

•^> 1 


J1 < - j.i. % . C (oIj ji ^j\ i>-ji OjjUaII ->1y Vl J—i j jjajil jj^iaJ (Jjll 1^1 

,^yUl 5 joLp ^ Jx-bVl ^y <y*Jl 





O^LJI OLU. oLujJI 


'—Ó&Ą, ^fjJl 4™i-l ŁJ^ JjWl c£l 4 _'■***' ej'" 

. jś~y MWI ^ 




cUJUsuJI y$g Ml II uSsŚ -L>l$ JjJH AaJL^u) £$amj wiPj La* 













ąjljjJI :cJUI vWI 
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t s*y j' lM (/J* <jsVV' fyy 5jŁ 'jj ^¥j 

•“ji^ J! 



I mw 

* TłTMC? 
^SBO 


msB 

«4« 

3*1 




ijObbubJI łIjJI quxjuj JjoL> uiJ JJ:>3 L^ILJI tl^5 u^JbuoJ! />jJI >ft3 L&-o> $juuuu o\*JI ^I^LaJI ^Lbj 

UjlloJI ^ >cJ ^U-o 


* * * * * * * * # t 

i ołj -b V ->lli o\ ę^jrk 

J <u^JU Jslć^l ^\)y b v*“^ l£^ ^ t ł ^- i 

*<uJl>łL1 *u^- 1 -ULc^l ^ 



(TeHmlypruS 

HKrniroj^Brtte AMR 
ta tefoxy < jmte te* 
Ii{0mo2^ate <m 


nulMttcn 


ttirfnciutontfty 


At (TcnwttintfflMy trtfii^izffi^Hfej^^^ 


U gJOwAA i ^3 Jjl £,£*ju# wU> <C^Iao 
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^Ul \ic oLllsłJI 


J-JI d ****»> J»UiSu jjjŁ^I tj-ŁJI 

++ 

' r * . * * » t 

.a L>iJ^u j^-ij A IjOL*j ^LJl £ 5JLt*l IJs* J5UiJl <J j-$*i 

J^liVl £jjJ 0^ *j£*!j^U £-U0£ 0^/Ul>4 ai^UjJJ <01 OjjjJll 

. J^Jl <j 

ol5jLi.Il j jLLl ^a Ia 5 oj^pt OpU£ j>~V U ^Lo OkT ISI 

*Aa o /oS0j AA %50 U^jSLw* JtOJl J islć^l j£j^j 0^ 4 j 2 

jjs ^jjl L^*ol /3/ j*wij SSjLSlI ij Lł5 Ojj£jJ 1 tA£ jL5 131 

(J,j ol5jLii UolL Ul aa %25 j Aa %50 j AA %25 v ~o J_J1 J ao^I J*liVl 

* * * 

Jjj>*lj lo>- Lkr jU 6j 5j 1 
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jjVi 

.i^*xJy (j 4 aJL>JlI Js^LC^l LPjJulJl 4oljJ 

4*9 Jo>4^o (^jJI 4 jL 

# * 

<u^i-t J^liVl j \jj li^iUs] Vj ^Ul Xp ^jlljj Vł j[ 

.( JJL* jaj ) Sjj j-iJl 

AA : ^ a^aŁI S_L>-jJI $*^Ą-I J*LćVl 01 Ja^-^Li a j A ^rJjt J-<^ UŚjrf y&» UJPt lii 

.aaj Aa j 

.%100 Liw ^rdJVl (J^Oo 01 '-— 

.(a jity Jii q J A jrtj! Ji£ P i^.) 

jlj p=0.5 01 (_s~*i OJDi oLś (o. 5 La-ji« j_}^) jjljJl ^jIjLłU Aa 0^UVl 0^ li) 

.p+q=l 0' ijl q=0.5 

JLiJLj (p+q)2=l a la.. ...11 ibUU Li *_**■! ^ £j00*iM (Oi^i^ £0,^1 £?i 

* 

ió-s- p2 + 2pq+q2=1.0 J liŚlj^ iJLfc Xt LiJLl j#UVl 

.AA yjJLl -k*0l fjfi, Jir : P2 
.Aa ^Uwi Jić : 2pq 

.aa £j*0< : ‘I 2 

.^*1^1 (3 .Uoi.ill AjA^- La£a L« 0] 



ujjUI julC oLujJI £j5 > IiJjdUJI uxJI 


0.5 A 

0.5 a 

AA 

0.25 

Aa 

0.25 

RUpnHH 




Aa 

aa 

0*25 

0J5 


HHB 


0*5 A 


0*5 a 


Off spring 

p = 0.50 (Frequency of A) 
g * 0*50 (Freguencyof a) 


2 



A = 0.60 

a = 0*40 


A 

0*6 

036 

AA 

0*24 

Aa 

"■ 

> 

J 

a 

0.24 

0.16 

i 

0.4 

Aa 

aa 

I 


B. Allele frequency 


P ^ 

p 2 + 2 pq * ą 2 - 1 
0.36 + 0.48 + 0.16 - 1*0 
iM) (Aa) (aa) 


a JJSU q jU 0.6(60%) A p J1 Otf li] JULI ^ 

.(40%) 0.4 

.0,16 33 2x0.24=0.48 Ab 0.36 AA La,■>.*.! 1 

L*S" lil.JJ^I JsaJI li] LoLś ^.jC.ł.lljj 

sf 

LfeJ-^P ijAj* 33 ^JjLoJLa Jajji c3jpA; 

^Uiaj 2pq f^jcA p=l-q OJ C~-j 

.p2 





















qj|j^J1 :CJUI[ wLaJI 
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La gj o^łp lS^3 JjJUI ££juwj ^jJLc i_Ss-JI JjsI^jJS kjASU 




















' * ‘ 

++ + 


S) 


Chromosomes 





j 3 Vi 


Nucleosomes 


Haploid complement iJb y}\ ap j^\ JSLl? JjJl JJ 

. j^a /!/ * j 3 JbO j aJL?- oLJwflJ 



AwU-jil J 1 \X& j+ć2A±j 

(Metaphase jJLlIO 

.^j^/115/ 

jl LjJJI Ol O-Ui 

jljJLC aJjoC <uL>jlaj tJłL 

.3i«JVr /10/ 

jUal aJUjJI óJ^ 

< j-« ^J! 

UjJI 






oLe^JI :gj|>JI uLJI 
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JLp cy* fJ^ 

>*u^JLJl *_JL* IjJl!I jjjJlą 1>jJL> i^LJjVt ^ 

fjjJsJI iw-łli^^JI ó"^° ^lis L^f * mt* Jij 



r(^jyUj^Ji) 4>-l^Jl a\>-ja Jj olł..,^11 j UjJI ^ya Sjl>-j c^£- 

JjX-lJ( J '* r £j 


óJUijill 

j^p lsl^ j3-ij k_flUji *! 


* ^ 
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O IS 3 * 11 :dsiJI Cj^łjJ] 



OD. (UtrKurratt 


m 




? TTKTzyN 

-? f AXM'& 




|HłOT 


affa riuirtfesti^riime 


C*rL>-J-b ^ oLdjJ^i?jJI t j- fl 

. J^LiJ^lj o U jjjJL? ^jJl ^iL IjJlSI j?*~L3 






















^ UjJI ^jA oL A^ łJI k—iS 

*-1jJI <dL ?-jA 3 oLa^łJI ~jA ^fjLajjSU^ 


<U>* ja (j *!?]_ Aj jijjiJl LjjL^Sj^j jjbLiJ *i/j 

22 3 ^jj 9 (10)x(3) ^jA j& J1 

* * 

■Y j X U-fcj Sex Chromosom es Autosome Lj _Uw? 


^JsLu^t oLi^ £ lijJł 

J-bblsJ 4-v«iv^ J^s <1)1 

Xt%cVl SJb^j) ^lll UjJl 

* oLJU \^a ^jLJLg t^jĄ ijj>- cJdj ^ 7 *i£y? o*' ^ ^ywaJi ui 

* # 

.oLajjjJ^ ^jJl 3*^ajŁł jj Ja^lĄ *u5\Jj IJbw SJułj^ó ^jjiaj wŁJLjj <**oaj 




oL&yćJI IgjłjpJI wUJI 
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Sbort region of 
OMA double heli* 
(five tums) 


Chromatfn 
soction 
Włih three 
nudeosomtt 


30 om chromatin 
fiberwith 
nudeosomes 
tighttypacked 


Part of a 

chromosome 

sectEon 


tondensed 
sectton of a 
meraptose 
chromosonw 


Metaphase 

chromosom* 





A, DNA to a meuphase chromosom* 


iwilUł ^ r JSLiJ ajUJ Ijla J-* jJlI JJLiJl 

.(Sister Chromatids ollj^Vl oIjujUj^I) olJLJU j^i\ j-* ęj j ^ 

.S phase ^"11 J§ UjJI ułc-Usj JjJwJ 

. AJbwJj adJh J ^*lv2-J V j e-^Lal 4jł i j r A 

































lUISJI lI^JI 


1 a ^ I clij I ■ * ■ 

V ♦♦ ł# #♦ * 


lijj (^ruLłjj^J!) 4^-1 ^Jl 4-U- j* c-LjI oLJlwsJl) ci jiil JlSLi^l j^jt V 

.^l*JLiVl *UjI 













oLhą-oJI zgjljJl uUI-196 

OLauVI cU- 

ijfr *JŚ\ j\ t>jA 1000 oL^łaJI J^wi oLJwaJI JU-J 

a 

wjJ j (Centromere jll —SJl) jU<aj*i?l Laju Ig, Jo»,j 

. (o^iJI ^JŁsLiJlj *-J- JJ') 4 *jLJo'^ ajl 



^l^ll 

jfcjwsJl ęźj - 0 *— ».".Ą ^JLć i*jjl Jj. L ‘'■■^~j 
Submetacentric jS^ll Ja*- jz* <iJ- 
Metacentric jSójlI Ja **jZa 
Acrocentric 1 <*i 
Telocentric ^Ljil 
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>lśLujcJI :CJUI ^>11 


IJla .. Ą Q ^IjjJlj p j ^/i aW ^IjJLlI Jljijl j 


Chroma^d 



Shoft arm(p) 
Centromere (cen) 
Łong arm (q) 



SubmeTarentrk: 



Metacentric 


Aerocentrie Tebcentric 

C. Types of metaphase chromosomes 


l04l 


Terminal 

Delelion 


36 


g 

Inlerstitial LI Q 


9B 

: , iosi 


G.D 

OD 


Duplkated 

segment 


Dupiication 

O, Simple types of structural abemtfom 





















^ i ■ ^11 
Karyotype 

oLi-All .±*Ą- y°i 

<Ja_Cj {_£jS^U ^*aołJ1 £_S jf-AJ <—~***£i łjL& Oj&j 

£**UU Banding Pattern 

•Aj ^ *4^ oLjISJI 'J* ijtilś j£J 

OLojV! jj-c u i> lA |l J*+J) 

ł* 

Xs> X oU ; ,^l £jj ^J\ oLi...^łH yo Wjj 22 y* wjŚJIżj 

.46,XY j 46,XX : Js- aJ^o}\ ^ jj$JÓ\ JLp Y j X <^w> jl 

. (G *«,* A) oLpy$j£ cl 4i 1—4^ *UA*^aJł 




oLłwJI ig-rl^JI uUI 
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ćuajjJaj J-4-fltU-ęJł LJl*.u* jjj t~ 

oLju^j o yji <^u iSj^j Jaiijjj y~s jy/7 9*z}\ cj^ 

1 CU^- diii J (^Śll^fijjJl) l|J iŁLJl SJL>-jt jJUJlI 

.JajljJjt ^ Cjy>-1 j£ UJajJ jz^ f >^ I 3j) 

: G 

.(Gimsa stain lj^>- 5Jw? ^lJC^u*U) G-bands 


:R ^I^Uf 

.Reverse bands ŁjiSll JaJlJl R-bands 

LłS' t Ułw i g./Łł,* ji Jj4aJi ajjLłIi oU ; ,4ii y+^c 3 3jJ^Ji «ja -uijj 

* i U9/ 1 3 
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JsłojJI O j uII 


Alt 43 LS* oLjwłJU 4a3j11 oUala^JsI $i 



5JL >*ja <j L^AjM ^-JsJU 

^ 4+s\S ^yij L^l£- ^^Ic- i**iljjUI 0 JJ& ^li) iJ tj&tJ 

ł ^Lj^l 4jb- yO 

if 

.^gJŁJl SJljj U^* AjyJ-^zS jjj La*$ V} LIaP ^ 44ł^JiJl ójjb tj^ij 

j£*\j In vitro ^U-jJl (J Ł#'^ji- I i ^jj ^^ie- ^ytwaJl IloJJI JUJL>c 3 a-illsdl ŹJuJa }I JUJju 

* 

•*M' ^-01 J^a A>-JJ objliJJl ^ VUjCU *1 L^U" 

J^U Lgj^jj Fibroblasts aI>JU oLU! L^i 4 ^jj ^1 y&-£ jX 1 oVL>* J)j 

, jjjpi 1 i*j 

















oUś^oJT vUJI 
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■(ęjdjW 6 ) ^- J ^ S L^JJ ^ Jj j^Jl ^jA 

!-Lj (jjjus fljLc ^jj31 Jj łu1jjU.4.UI JjjJ 

■j«aij 

oLaisiys ( v r s 3 jLo SiL^L ^JL >-ja (j ^Lwwdj^/l ^jlij |*jj ę#j ifrLwu /72/ tiUj ■., .lL:^ 

.Colchicine 



RHtpłwnl 

btood 


Cwun- 

fugjtwn 


Cdi tutaire 


Centii- 







11 


: *p 

l» t ł 



:y 

v* 
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s jfti..nll .WJI UAąJI 


5^ jZi Js fJ .jUuJ C*J£ f 5 J*>l£l!lj L^tł-I Jj^J 

•*jj^ V ^yj 


.^j lilii ^Jl^ ao 1 ^Jlc- <Jj )j JSŚHj 15-10 SjLc' 


4 JI 4 JI O jSjj fi SJo- JS 3 jj^s> jj^aJl Jvasl wU-JJ 

^ywaJl .JfluajJl 



II li 

1 3 ,4 r 3 

II II II II II II 



K.t--a- ; .T 

9 ■ «.J 

. HJ 



H 

tl 

li 

II 


ii 

i) 

u4U-> 


, 1* ■ , 



•s 

Hf 

l» 

' l 

1 

$ 



■ . / ; . ,J;'.||r X 

■ ■ afejy,^ 

J ' •' s. 

:' U)r y _ ; 


A, Muhkokrt-fkiomcettcr Sn tfu hybfldiiJtkm kiłryt^grłm 



FISH u*L*S £Uu>bJU JcułJI 













2 I i i i^it) CjliąJuaJI 

** -* -*& 

Chromosomal Aberrations 







-Stfl 

Translocation 


o'uW? Jru £-lal Jj>\J 4jL *Uj^/ł 







ŚjJŁłjłII ol^juuJ! lyłUoUJI vWI 
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!£*•* ćy. JliJj* lii 

.Robertsonian translocation 



.Rociprocal Translocation ^jLJI Cw JjLJI (iJb- U) Ul 

jJwiniU aA^LSŃj tU,™^ ^*lsjVl Ol ^ł»UIjJI dr 4 -? 

* 

la ji Lsjai 

.jL-SOl/l jiaUa djjJ- tlij] iJU- j ę«-$il 


Before translocation 


After translocation 




20 


Derlvative 
Chromosome 4 
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clśjUl ;J$'UI ć*s*i\ 


^L 29 JVI 

<wi! 1 5Jl>- 21 j 14 ^JtwaJI i^u U j^£fj 

,t(14q21q) 4 a**aJI £^waJj <uLJŁi-l ij) UjjJ j^Jłj frUj^łJ A^Jjj 

Jł # 

.i>w] ^1 (J! ij^ji V l-Ł>- (jr^ljJUl jLlaJ b\ OjjaII 










i * 

14p21p 

f (gets lost) 


14 

21 



I4q21q 


Lojpi cl oL-i-waJli %\).jfi otfl tUj^/ł aJJk 

i (oJjuj ^UJ^ł aJW^ 

* 

,(<c^_£ SJU-) ^ I^JLj 14 

* ( 21 ^ 14 

*lsji 5J^) 21 14 

(^l^ vAJ^0 j>* 1 £-* * 21 £* ( j ^i U 14 












ol^JUoojl i^jjuuobJI uLJI 


210 




Wwind 


fłkri 

Cołiiet 


Tir4*ny 


Hiwy 


Womftoflty 
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ytjUJI ,l4j}fl 

__*j V IJlfc *u*-w? i.iL» ó)JL5i J] c5->Jj V C£cAr^ U!H JjLj jl U 

# 

•031jh^ (3 

-L*j Aijlji» j-ś- ^^laju ^ O^S OjljlAl *UjVl Ij^J JjiJl 

jś- ow? <Sj£ tS^ J ^jl>** L^U- jj^ia <J) ‘Vcr ^ 1 (j - 'j^' ^ ę.ui)ll 

.AjjljŁs 

.J—J1 j iihii iJw> olijJ-Ł j^gJś diJi 






































































•uśucJI oI.Ii5.LhJ! :u»jL«bdl wLJl 
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213- e bjVI iiJsill 

Ljj£ \ £ j \ f g łi i "*^j ‘ J *" ^ o ^ 


* # 

.X jLJLv 3 Lgjwo Liw? /46/ IgjJJ 

Sf 

.Y L? A r ^>j X L yw? LgJJe Uw* /46/ Aj jJ j£j 

# 

■ Y jyu^j X jlJw> I4L0 /47/ 1^-3 aJU- JajT 

* 

/21/ (jL^ 1 4jjJ /jj ( ; .»....^? /47/ <UU- la_£ 

.(21 ^iuyail »iJte) 

46,XX 

46, XY 

47,XXY 

47,XY,+21 

•/IV (*jj j*-si £Lp 

13p 

713/ pij £b J 

713/ ..,0 U jJjjiaJI J*ljjjl 1 4 <Jflj^«iJl . 1 <LiJalll 

13q 

13ql4 


13ql4.2 

72/ J (j^ai) 0^- 

2q- 

72/ ^ 

Del{2) 

Jj^iaJl jiJJ 1 aIsjjJJI ( 2 Aakdl /2/ ^SL^aJI J} jrp^ 

*oLgj 

Del(2q21-ql3) 

74/ j 

Inv(4) 


4q21 <JI 4pll ikŁJl y« (j*-—iJI jji» 4 _ y L&) /4/ lnv(4) (pllq21) 


V1/ ^AwaJI t— 

Dup(l) 

71/ 

Inv Dup(l) 

* JSLJ! ^l>- 

r<13) 

.X (jiwsJl i _ r aj4 J -lai ^y^r- 9 

i(Xq) 


i(Xq) 





cUĆajćJI oI^JuulJI uUI 


./5/ /2/ ĆK 

^IjjJI J^a3 J1 (_gj| /S/ LS k~*a}\j /2/ 0?. 

75/ JjLUjj /2/ 

72 / JXw> ^ 

/13/ Lg » . ; . ^Ł l l Jj_paJI ^Ujj^L ł ^ji 

■•^'j Ji /14/ 

75/ 0-*-^ £-*■> 

t 7 łOaj^Ji 12 a 5L ;j) Jjt^JaJI £lj jJl ^ X t^rr^ 

.(3 Hu yJl ^ 
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t(2;5) 
t(2q-; 5q+) 

der(2) 

t(13ql4q) 

Ins(5) 

Fra(X)(q27.3> 







jpJ t 4 i t Ii 11 djl ik A JuśIl) I 

Structural Aberrations 


.La ^ oUiS Ais <jl (ji* 1 DeJetion ^*0^-1 i —A^yC jj^Lc 



Beiore 

deletion 


Atter 

deletion 







g.ig.^ill ol^-LiJI :<j*kobdl wUl 
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.*_iLilj L^JU-JGl iy-j jl—śol ^Ja>- jjj 4*JaŚ yj Irwersion j 


Inversion 



.y I j jL-Soi iiku j ŚAjJaś J yi yj Insertion iJbAj 


Bcfore Insertion 


Atter Insertion 


Area 

being 

insertecl 






'fisened 

area 


Chromosome 20 


Chromosome 4 


Chromosome 4 
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q '.cS\iLJI CjCŁaJI 



I 



j~MJti\ 

OLSU Jj ^j 

Ulfljl ijjl^1* SJl>- * 

j* Ć£ ;:a ^ 



LiUf jp U ,_^w> j-s.—2j Ujjp- JjbUj (_$JOI Iso Chromosme jJłJI ilLa j 

* * " ił “ * 

{y> 1JjJl>- Lj^mS gj^l jJJt J-a j£ Ji£jL? (J^ L>^c- 

Ił 

Lj _w? JjyLjJsJi (jijpIjJJi 




Loss of one arm 
and duplication 
ofthe other 



W 
















4*ŚA^dl uljjiiiJI 'u‘“*l** , H wl*JI 
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Cri du Chat Syndrome iUaJŁJl ?)>« 

.(5p-) L y^ . -saU ^jl gljjJI j óp- 

* 

JLi-l ULf ^j^Jj sJAaJI jpJw^ j 























ol^JuJuJI IłJsjLJI C o łJI 
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Fragile X Syndrome X Lr ŁwsJł 

♦* 

- y L^ll 5 U' ~ ^ ^IjJUl ^ip Ji r }\ ^Jj^it ^jjąj 

I JCy£* ^1 Jjp-W ^ ę- * y i/3 T I Ij . Ąl -. ^ 1 JUJ(^>ŁrtJ ' ~* Lhh* *J 1 LzJ 

.iisui <j^Vi 










objJudJI IpjujebJl ljUI 
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Ob VjJl 1/200 w->J^ il ^-il 4JU~I -Laj 

•jjSjJI 

.iibśtll LjjL-jIj ( _ s JlSjłJI i—%8-4 5~J 



• normal structure 

• broad forehead . 

• elongated face 

• large prominent ears 

■ strabismus (crossed eyes) 

• highly arched palate - 

• hyperextensible joints - 

• hand calluses - 

(from self-abuse) 

• pectus excavatum 
(indentation of chest) 

• mitra! valve prolapse 
(benign heart condition) 

■ enlarged testicles ■ 1 1 

■ hypotonia (Iow muscie tonę) 

■ soft, fleshy skin 

■ fiat feet —— —- 

• seizures (in about 10 percent) 














221 -— --————-— —— olis^JuujJI iijr^LJI 

jLjjjIjJ jUSVtj JjlJaLfi A>-jjl <L~>- U- <*> t*w ^jJLJi Jju JJI 

. f uVi 



'iSj* 1 lJI Cr* JJbdl 

ly>*j Jij X ^ywaJJ 0%*U- Jt 

■ w»UVł jl ol^Vl wUt ^iSUJl Jjjw ^Ł4 j ya U 























ćućajaJI oI^IjuuJI vMI 
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oLłJ*mij i ^Awii! o^tal>- 

1( j*jLi-lj- aIłJjJlI ajIjjJU iliLc 

















fciJbJI 


ł 



4j4JuJI <tiM 

+♦ *+ * -SS' 

Numerical Aberrations 


.i*y j /400/ j£J /!/ J-bu: ćsjJ- j 


n 


MFIOSIS 




c limmmunu* tmm 
normut gamrtt 4 



iHirm<ti grimclc 









^AmJI ol^JuJj) lu^uoLsJI wUJI 
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,/?:U £p^Jl (J t-j** ■ ,/i}\ CjUj-U^JI 

.IMondisjunction JLail^JI 3 ytU^ ĆJjJb- 


NONOISJUNCTION 







J n " 

■=> 



V/J0 

** € 

t 

ll ■*’ 




/V 

<* V 

D- 

2/ł= 4 

n*2 



\J 

** Cl 

D -’ 

t* fitejcs^ i starte normaHy, 

2. Thert one set of 


3, Metós*S II oęęurs 

4. AC gumetes ti*v* m abtwmaJ 

Tetrads linę up in mkjdte ot cefi. 

homok> 9 & coes /x?f 
separata (- norefcsjunctton). 

rwmafly. 

number Of ehrorna$ames--etfhBr 
one too many or one too few. 


.iy^\ j£ j iji^jiUj& 


HondlsjuncUon '* *'\ 

Inmelosisł ^Sv 4 • 

yu 

Norma! 
mefosis li 




fi+t rt+f 


fł-1 u-1 



Number ot chromosomes 


Number of chromosomy 




Zygoto 

2n +1 
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q ol^JbuuJI :wJUJI WbSfcJI 


ijj-ŁJI <_£■>! Mitosis j»L-5iVl j!Aś- jOj^' ó-b- lii 

■ (< i./\W <■!,.,.^...iill ajjfcUś) ^jA 4aLJ£ Łw) 3 ( jk~*al\ 


Nondisjunction Sccond division n + i 

;łl i*#Lił /łlLltOlAll 



n- 1 


First division Nondsjimdion 

at second dwsion nti 


i ł 

n -1 

*\3 ~— *- - , 






a .ć../il l oli$i*łiJI IiJMjObcJI uLJI 
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Triploidy a iu 4aJ) ih ,ht 


A( 

i 

: IK i 

t 

ii iii 

1 « 

>H 

i 

#25 

IM 

Hi 111 

MS ni Mi 

Mi 

* 

itfl 

41 

t i 

III 

*4 *1 

f Ił 44 

Mi ur. Mi 

i* i? u 

| 

ii 

i i 

ą » * 

it 

Hf * * 

JB ti 

* I 

« 

i \ 


iikj JJ ^ (23,x) ^ U ajfi- (46,xx) iwJI t^y ^UJI ja- gZJj 

y>\ Lii» 69,xxy j\ 69,xxx : ói~Jt o j .óuJa 

^jAj 69,xxy : IójJ t-ikJl f-Lil ^yuiiJI ij jjJi óJj- li] t ol, ^ 

-<>* 



NORMAL 

DE^ŁLOPMEMT 


On h^ploid chromosome sel frcm egg 
# n luplord chrpmosome set from sperm 
(#).V cfipfoid chromosome set In embryo 

tfSmn lFI P® 0| d chromosome set rn embryo 


Origin of tripfoidy 


Oocyic Spermatozoon 
abnomul norma! 


Oocyte Spermtozoon 
norma! abnormal 




69. XXX of 69, XXY 
Materna! origin 


69, XXV 
Pa tern a! o rigln 
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OOJk&JI 'UŚA-aJI :ćJUil * - OrJ I 


^jCjłLłj ( J*i S-b- lj 4 ..^. o ^UJJ j— Oj&j jl 

%1 a* w^Jj JUtUtJj oL>t#>-l óJj Cj^U- 



l.Hyd Jtfdifoim mole 2. HydJtidiform mole 3. Ovjrun teratoma 4, Triploidy 69, XXX 

B. Humań embryonk d€vdopment depends on presencc of a maternai and a paternaf gcnome 



45,X0 ŁJwłII ląXw> 


Vj ^g.yj oVLi~! JJU ^j£J^ t wjU^-Vi 4-U-5% jjbLtJj 

i ji\ (Ji / 4 °/ tSj-^ 

I A--J ^3 1 i-_ j ^.y? I * Ł L_d .ysTy 

.^jS/I <u»U-j 4~iś oUj-ŁJ 

Aj^lfT oU 

fe*» juu li iJLii? *L>-jULl 5 JL*jbxII ^ 

■u>r^' 

150 Ja-jjJl JjJaJO ijflUJI 
, CJJ Vl JiJ lIj Webbed Neck *1 j jJ! ii^1 
ł( VwkH J-W* ^l^JiJl ^^yLj 















l jI S 3 ł x±il | yUJI 
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ObVjJł S _31 1/10 JJ~*_C 

Monosomy ^ywaJI -ioVU» Jy SU^JU <1jLa!I «JL>-jJI ^ i)U-l »1a JuJj 
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. ajijtaJI a.g.^l l olag.LtiiJI :CjJUI CckJI 



% \ 3 ? : 2 

J |( }* 


YilX£v Cy> u-Ł j- aJI 

** ** 

Klein-Feiter 

A7 r XX Y ŁJu^JI IfJw?j 
. fi Ju ^j^Uajl Ja^jJI 
■ *U-Vl jjSJUl J* 1/700 

^jry ^fiiS < 1 < 1 =*- (J ^gMl 

Us UUj i^UaUJ J^oL? Afi* j\ i_ >Lfi ^1J1 Jju 

ł_^U>- ^JLt- JjUl j oLj J> ^ Ju&Lij 

-ji>Vt 


* 

5 

* 


> 

# 


T i - f 5 f 


I i 


H U 




< 



?i S2 ^i 


' <■ 


4 * 


medgert gr^cs -..ter edu 















olSjJUlJI :^>aUdU»JI wLJI 
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47.XXX ia*JI 

Lt>U)h ^ ijvr l/io 

jjk>L^ j yJ 9 

,iJUi? 

*ULp-l C^JaJI IjJj 


.d\śJ 


X O L.t,..^H JłXP ojbjj ‘UtfL^l j 





47 / XYY Sjii^Jł 2 Ju^JI 

^/AJl ^ 1/700 *j~lS\ 

* i 

.U*y> t ywJl ijJLilt iJus jlp V 

Jkjlj^l (J^JaJL jh^JlII J^h^w 

Sjj&Lfc ^ y*?j 

^ :: WH Jil frlSjUl 

ii JhLj £-* 
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ĄjS-isll Óió..ą] l CpI^JLjIJI IkUUJI UAuJI 


Trisomies 3 jiV m^tll a i i i i<*i H 

** * ** * 




(TRISOMY 21) 21 ćJCZ 

jjb ęjt-JZj 

* * 

i j£' \j>- b UIp /21/ j*J j 

1/700) jJ Xs* \s*yyC*> 4^,. v711 oUj^bll 

















































olSg-V*iiJl ZijjULoIaJI uLJI 
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frbJl ja£* jt\j ^ ^ Uli- J-* (jLy^Vl a 



J-djłI! pLjI jdIH jJŁC pXOJ ĘM Ojs^ilosJI <Jn3 ^PjU.uuus ioUj 
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ću&jl^lII oiisg \ łiiII :CJU1 


kźJJij uUa^ {J-^ 3 -Laj J6-U 3J VJ JL*X>*1 

^ywaJl ^jjJb ńjjjrtiaJlj ^Ju>w jl V <*iib 61 j<JlaJ1 £-a .JU a SjI^JI &j^Lb 

.SjLtJI o^UJI ^a 1/100 lijfc t^jlŁj , i *^^Ąi 


' 


Materna! age and risk of Down syndrome 

Materna! age 

Risk of Down syodiOtne at birth 

20 

1 m 1,530 

25 

1 in 1.350 

30 

1 in 900 

32 

1 in&GO 

34 

1 in 450 

35 

1 in 360 

36 

1 in 280 

38 

1 in 170 

40 

1 in 100 

42 

1 in 55 

_44_ 

1 in 30 


Soiijica Fetai M«!feiTe Fourdsior 


Jj>-i ja 3J jjj* UJLfr j jŚJj Translocation 3^Uś je- ęZ5 j! j&s 

■jd-%!' 

(JL? 0jl_j^l *UjVl JlłĄ fA jJI^JI 015” lii %S j^d\ JU>-I SJU-l fl-i* (j 

*_y*UaJI • j>(J y^s- *l/j UjljlLl ?UjtAJ 3JuU-l ^jA cJl£ lii %20 






^ĄSUjaJf 
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* t 

t3 LwL^l Sy/j 'C^ła^ 

^JJ LgJLj£ Ł^^Jj <oJjj —„- 

4^*5 {£\ oLg^LiJI &JJb ye J53 i)j&£ CM <Jj-> 
~ oJ& \**XS” 




ł JJ^ 

.Jj^ Vlj jJ-Uj 4>-jM 

iJU-ljJl ijljjlj ^jLi-lj y£ OUlJU y^*Jt 

.ćJli yi£ ólkjL* ijryJU 

- ^ i 

.j<włSI y* jUJil Jyo U UU-j 





























opjLttJI oiis-LiJI :CJUJI 
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.( ą*%£~) A^yai\ ^Jl£. JL>- iw? y* iii ^ 





jru iiLJj ^L*Jl ias-^u ^Ju)l j 

-Łic ^y^ji £* ^yWij JjVl 

aL^-Lł 

















cil^g i iiiII :yuuu&LaJI uLJl 
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.jlJ jjl aJL >-ja <vpL>.j (aJusjJI 3ji!i 




t AA Jll£ Lojb frlSjJl 

*(^1 ...f 

* 

,L<wl-> jL^U JjjaJlj OjjJi 













237-.apjLuJI :CJUI L*aJI 

JLi ^jJl « ^ Jł&Jj JjJ^W JtSjjJ Sj^JJkl CjU^LjJI Xwu 

: - 4 JU-I Ljfl 4 ^LiSL» 

,oVuu ^ %94 (juii^ii) >1 js^ji 

.o*i/Li-l ^ %4 ^jJIjJI Jj>-1 ^ ^UjVLj JjALil 

,O^U-l y> 2% Mosaic Jjjll J5LU1 




^JLJI S j VjJ 1 J-S LślJs? Ij 

ajLL]\ j! Amniocentesis 

.Trophobiast 


c~i IjJ ^L^-Vl >1^1 ^£j 

1 * 

. Aj\Jj J j j rf a c pwJi 




ĆUJL^I ol^luJI yUf 



Placenui 


Amniotic Huki 


Fetus 


UtcruN 
ł womh) 


Cervix 










apjtsJl Otśj-aJ! :cjJUII ocłJI 
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jl l oUli^U ij*j 

CjUj- 1^ oULiL 

^AaJI ^jjj *w>U-j tf-Uou^l oL&^-Uj ij->V jJl < — UJI 

.duodenal atresia 



a—Ki - 4**ói 6LS %S^1Ś 
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ę\jj}\ jj-^ 0 SjJjJ oIjV 1 Ul 

iUU j\ 4jji ęLSa£-V 
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ĄjiAaJI a.e-^i i oljgJulJI ;LJUJ1 ojoJI 


Edward’s Syndrome (ajł$,il iujitu) 18 i.irtH tli£> 



y ■■■ J 1/6 

.^1 

wi-LlJł JjtwcCj 

JjUaJLl jJlj ^jrui^lAJ 

* 

Sj^jT j ^ 

jt^JI (ji* ój&j 

<-Uli ^ 

.4jjJ^Jl j 


LS >-jłjJI jjiiJl 3 ^*1*^1 ji^UU ł j- fl jJI Ij^Uj 

■c/>' 























ol^ jliIi,II lęjjuuobłJI ulJI 



Patau Syndrome (>3U 13 

i_jjl aamj (3®!^ -A) 4-pI«o oIa^-Łj L$-s 3.1 i—10 1 

J} jl J*>1 jJl *Jj*i iS^^T ^ oUj^Ioj t3jiwJ cil^j 

.Omphalocele 

-iJbCÓ i!U-l *AiJ JiU-jjdl -kil JL1£ OliVl *ifc (jl -k^jkj 

.Polydactyly 

,^^il (3 -^-^1 j>-k!b ^ i—j I ^3 l bo Ij^b 























I 






X-Chromosome Inactivation 


SLJ-I C/* * ^ ^ ^X>~\ (-U*J^) i^lw i—i pW 

.X tjirAU Jił^ 1 ^ ę^Jri Ć^T J? 5 *>* ^ J^iA 


^jy X ^y^waJl <—SJI^j ŁJl AłliC X Jj-I IgJS jJu 

.3JlII j b^jbl 


Pomarł ES coa nudeus 


° 


The Xtsł gen* is on 
ęheXtfvomaś<*ne. 



X chmintiMH^L 1 


| Trarcnrifi 


łtnm 


R\Ai 



Transcriptton of the 
Jfisrgene make* an 
interferefice RMA,. 


_^_j_ Ą 


The RMAi bmd^to 
the X dhromoraome 
that transcrihed it. 


X is tnactjvate<ł 


CłAtethylMłonMid 
Nstene cteatetył* tien 
attracf rhrorrx>5oma) 
pfofcira- 


-ii 

X # X* 

< 18 

Rondom X irtacfiyatwn 

I * l| 

Rondom X tofttite&tieA 
























oliciJuujJl ^(J-UjoLłJI O UJ I 
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X-Chromatin u un ->*11 ó-iUjjiM 

. Barr jL 

0 

.o\yM jIjJU -U^ ^Jllł X i ^ r &}\ JJtęj 


^ I j J 1 l * /3 * j i_jr^ ^ ^ cJ ^ip 

*{±*i\ ŁJJUU vLUi j Ju j&ś dUó^j t Drumstick 


The Barr body is the tondertsctL macliye memher 
of a pair of X chromosomu in the celi The other X 
is rvat condensed atKi is ac ilve in transcription 



m 




J j&j luSLfcj < X jjMw? jpfl jU 

i^s^ 1 Oj^i <jy>- J jU 

X oUcwłJ! jJLt iSj^i jlj oL^- jl ^1 (jU 

s* * 

<o-L& oLJwaJI jap jlS' L*-£>o UaSIj 


jL ^—>- 47,XXY ji U ^yS 1 JliU 

.l/j <,jS 


£* jU ^—>- 45,X0 jjj * ' JliU 
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kK>4 

3 OJUij -UA ^ ć^*^' J^l oljui-l s-JU^ Jsljj JJłaj 




Jiwo dJUij jJUaL! ^*y**$\ jl A>*1 -UUlS J^ksJ U aJU* Jj 



4 5 

A, X chromatin 


Zygotę 


Błastocyst 


Early embfyonic 
X chromosome 
łnactwaticm 


inactwation, 
random and 
irrewrsibte 



0© 



T^actwe-T 1 'M*-active-*M ł 



Adult 

Xchfomosomal 

rnosak 


B, Scheme of X fnactivation 


Afr*,«A>- 4 -LwOJI jj Jl5HjJ FjZfjl} I JJfa oj 

Jo-] k_5j^»rJb Ol j-łUJl i LJlwC-- 1:1 Jj5oj 

O? 1 * * * */3 1 l 

























g.g.^ł i oligJulJI vWI 
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k«3jiaJI XJJL O^U O^So 4 jU SjJjJl *3^ ^jl ^JU-j 

^ ■ ? '/J■ ■ J 4 jL*X j^Jl Vl 4 ^ {ojlC 1 jJl ^ęip ^aA*^j (_^^U 0 jj^j^ 

^jAt <j£>* 3 Ł -kj-UI ^ ^waJl LS^ S^łJaJl O jf^>*\ ŁJLtl <3*^ 

.JJwlI ^i-yall JLft JtfLJI p±J\ JjVl 

Mosaic 

jj-S •—Łlię t)l Ól£ 1 *£j 0 ^■■ylłit Sj-UU)lj ^Uil JjaU 0^“£ 

^.U- ^jlśl <J;jUj LS^^i “^L? Jj* d.,. V .<L;£jJI (j^> J^j ojj 

.L^iJ-l ^ Cs^ta CjH jż~\ l3^ <S ' J ,J^J 

^IjJI (j -4 ^ 1 _ > *;<i*ł!l - L a J^ ŚjAUŚ Jjlj 

Ój^i* ó [j& ói j\ 47,XXY/46,XX: ^ż* Ifw j>& jl jte y_^S jźs 

.46XY/47XY, + 21 l^w> Ujb 

fi 

,4*ł. ^alt ol-ijJJtjl ^j-* 3o~OOa LpI^J l Jj 3 iJLjiaJbj 

O^Li-t ^jA 3J-J* Jil Ajjjj^u ^Allix 




5...... 

II .. ^1 :Jj2l -Ul 

13. iJaJI 

19..... Ajjińi II — L&jUl :^UI tli 

37. iujlj^JI -U$UaII J-aU LUI :UUI i-UI 

57........ Genes — L— »JI :jjIjJI i'yytll 

67........ —gALaJI tuJI :ji*nlSII &i—II 

95.AiljjU iu^iajl :^UI -Ul 

97.A*LUI Sjjj : Jg2f I t^jJI 

103. j-LUI i^UI Ć-UI 

107......^1^21 J*Łiu:-JUll ^aUl 

III .<0^1 £j>J» *8łlj« -SuUI 

115.. *:rt'~ n w jjii -U 1 

117..... ^^JI^JIj^flUJI^A^I tjjttl 

129.... j,—Jl 5—a^Ailj^JI :^W\ -aUl 






















Ob^dSdBJI A> 
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149.(-U-JI mum) JaI^UI £ilj$JI :UUI -iUl 

159...^j&JI jljj :jJ,>il UUl 

163.-4<Ul$.bUjłSI r^LaJI ^Jl 

171.aUIj^II —L—UI ^ iUUI :^LyJ! t^aUl 

177.. 11 B^IA£ A ‘;"* tl _ *,:: utl g )$ *JI i^Ldl UaU! 

181... w wjUI Alt UUąJI £j$i :^liil UUI 

187.. ... *\ ;~: ~ u :j*ljjl -Ul 

189. -U 3 j^ S iJI : J 3 ‘aSI UaUl 

193.aUUUI yji (Ul iaU^UI UsUl 

195.. .>4134*11 uLi-Um UUI 

199...^ó-aJI ImJI :jJ Jl UUI 

205.....4Uu*aJI — Ia^UUI :j<.iiaIaII —Ul 

207.cLJSjąi : J 5 ‘af I U&UI 

215.. ... ...... ' y .;.‘.; g j" tl 1 UUUI — Ia£A—J l i^iLUI UaUI 

223.. ...Jl <iUUUl — IjjiLtUl :UUI) i,Vi^lI) 

243... up-jdJI yjuUI -U : jjIjJI -aąJI 

247.-L 3 --JI J$aą. 




























J oL£j 4 oj— 

e 

£jLJ1 J-j 3 jlgJ^flg ńjg-*aJf 

ii.j.i__il ój-S-aJt g j wfrg^ JL^i 
a_JL41JI Cłl—ag 1 t U pl—Ła-ćJ j 

V £li-C. rtju9 <j ł jl iJ if ^ 3 w^ ^p4 


FHJBLJSHIftJG & 


ńjjin11 njljgll ljiwjI 


- SiU ' 


C 

^ ~ tuj hs jś Jg^ff g-* wLlSJI I .L* 

dJt^gJt ,o_Lt ^ d-Mj-S-Jt d-Ś-ULf 
J < tjr Lc. ftą 1 T t( jńjJŁj jj 
jlgj^flg ;g wn TL; g — h ó g-o jn-L b l 
. iL^u-bbgJkJI Jl K ńijflg 


pLJaiflg i_JaJ! wiUiaJ 4_>g-0 g-ft 

s:iV dJt^gJt (ju—u)I q— oL*Jf 
. jLfLo^l j jJ ^o-LsJI (-La ■ m >1 g 
























